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DNA VECTORS 

CROSS-REFERENCES TO RELATED APPLICATIONS 

[0001] This application claims the benefit of U.S. Provisional Patent Application No. 
60/477,232 filed June 9, 2003, the disclosure of which is hereby incorporated by reference in 
5 its entirety for all purposes. 

STATEMENT AS TO RIGHTS TO INVENTIONS MADE UNDER 
FEDERALLY SPONSORED RESEARCH AND DEVELOPMENT 

[0002] Not applicable. 

BACKGROUND OF THE INVENTION 

10 [0003] Despite enormous investments of financial and human resources, cancer remains 
one of the major causes of death. For example, cancers of the breast, lung, colon, prostate, 
bladder, and kidney as well as multiple hematological malignancies (e.g., adult and pediatric 
acute myeloid leukemia (AML), chronic myeloid leukemia (CML), acute lymphocytic 
leukemia (ALL), chronic lymphocytic leukemia (CLL) and secondary leukemia) lead to over 

15 six million deaths per year (see, e.g., Wang et al, Oncogene 19:1519-1528 (2000)). 

Standard approaches to cure cancer have centered around a combination of surgery, radiation 
and chemotherapy. These approaches have resulted in some dramatic successes in certain 
malignancies. However, cancer is often incurable, when diagnosed beyond a certain stage. 
Alternative approaches to therapy are needed. 

20 [0004] A common characteristic of malignancies is uncontrolled cell growth. Cancer cells 
appear to undergo a process of transformation from the normal phenotype to a malignant 
phenotype capable of autonomous growth. Amplification and overexpression of somatic cell 
genes (i.e., antigens) is considered to be a common primary event that results in the 
transformation of normal cells to malignant cells. The malignant phenotypic characteristics 

25 encoded by the oncogenic genes are passed on during cell division to the progeny of the 
transformed cells. 



WO 2005/002509 PCT/US2004/018529 

2 

[0005] A number of antigens that are overexpressed in cancer have recently been identified 
(see, e.g., Loeb etal., Cancer Res. 61:921-92 (2001); Xu etal. 9 Cancer Res. 51:1563-1568 
(2001); Gaiger et al, Proc. Amer. Assoc. Cancer Res. 946 (2002); Wang et al, Oncogene 
19:1519-1528 (2000); Xu et al., Intl. J. Mol. Med. 8:S68 (2001); Wang et al, Oncogene 
5 20:7699-709 (2001); Jageretal, Cancer Res. 61:2055-2061 (2001); Mhashilkar et al 9 Mol. 
Med. 7:271-282 (2001); Jiang et al, Amer. J. Surg. Path. 25:1397-1404 (2001); Fanger et al, 
Proc. Amer. Assoc. Cancer Res. 51 A (2000); Calhoun et al, Proc. Amer. Assoc. Cancer Res. 
437-438 (2000); Meagher et al, Proc. Amer. Assoc. Cancer Res. 173 (2000); Xu et al, 
Cancer Res. 60:1677-1682 (2000); Wang et al, Oncogene 19:1519-1528 (2000); Villaret et 

10 al, Laryngoscope 110:374-381 (2000); Bangur etal, Proc. Amer. Assoc. Cancer Res. 680 
(2000); Henderson et al, Immunol Invest. 29:87-91 (2000); Pyle et al, Proc. Amer. Assoc. 
Cancer Res. 679 (2000); Mayo et al, EMBO 18(1 4): 3 990-4003 (1999)). Some of these 
antigens have been identified as oncogenes, i.e., genes operative in malignant cells and 
responsible for, or associated with, transformation and include, e.g., Wilms' tumor suppressor 

15 gene (WT1) and B726P, both which are overexpressed in breast tumors; L523S which is 
overexpressed in lung squamous cell carcinoma, and P501S which is overexpressed in 
prostate tumors (see, e.g., Xu et al, Cancer Res. 61 :1563-6S, 2001)). These antigens can 
conveniently be used for diagnosis and therapy of cancers. For example, these antigens can 
conveniently be used to generate cancer specific immune responses. In particular, WT1 

20 polypeptides have been used in protein based vaccines (see, e.g., Gaiger et al, Proc. Amer. 
Assoc. Cancer Res. 42:698 (2001)). 

[0006] Immunization with nucleic acid (i.e., genetic immunization) is a promising 
technology that may advance vaccine efficacy and safety (see, e.g., Cui et al.,J. Biotechnol 
102(2):105-115 (2003); Robinson and Torres, Semin. Immunol 9:271 (1997); Robinson et 

25 al, Int. J. Mol Med. 4:549 (1999); and Hartikka et al, Hum. Gene Ther. 7:1205-1217 

(1996)). There are several well-characterized advantages of nucleic acid vaccines compared 
to protein-based or live-attenuated viral vaccines. A hallmark of DNA vaccination is 
induction of cytotoxic T lymphocyte (CTL) activity that is superior to protein vaccination. 
Cellular immunity can be enhanced because the protein being encoded by the nucleic acid is 

30 processed and presented in a way that is analogous to the processing of viral antigens (see, 

e.g., Corr et al,J. Exp. Med. 184:1555 (1996)). In addition, plasmid-based vectors are easier 
to manufacture than protein-based or whole, live organism vaccines, and are considered safer 
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to use. Finally, it is expected that it will be easier to incorporate new or altered antigens in 
DNA vaccines. 

[0007] Protective immunity following DNA vaccination has been demonstrated in a variety 
of mouse models {see, e.g., Wang et al, Vaccine\1\ (15): 1672-80 (2003); 
Manickan et al, J- Immunol 155:259 (1995); Zinckgraf et al., Vaccine 21(15):1640-9 (2003); 
Ott et al,J Control Release 79(l-3):l-5 (2002); Fynan et al, Proc. Natl. Acad. Set USA 
90:1 1478 (1993)). However, reports from human studies have been less encouraging {see, 
e.g., Denis-Mize et al, Gene Ther. 7:2105 (2000)). 

[0008] Thus, there is a need for expression vectors to express heterologous nucleic acid 
sequences that may be used as components of compositions and methods for stimulating 
immunogenic responses against antigens overexpressed in cancer cells. In particular there is 
a need for compositions that can target a malignancy with which a particular cancer antigen is 
associated, and for compositions and methods that can elicit and enhance an immune 
response to the particular cancer antigen. The present invention fulfills this and other needs. 

BRIEF SUMMARY OF THE INVENTION 

[00091 The present invention provides expression vectors and methods for expression 
heterologous nucleic acid sequences using such expression vectors. Within one 
embodiment the expression vector comprises an expression cassette comprising from 5' to 3 5 
the following elements: a CMV promoter sequence, a CMV enhancer sequence, a CMV 
intron A sequence from the CMV major immediate early gene, a heterologous nucleic acid 
sequence, and a polyadenylation site, wherein the promoter is operably linked to the 
heterologous nucleic acid sequence. In some embodiments, the CMV intron A sequence has a 
deletion from about base 1 5 1 3 to about base 1736. In other embodiments, the heterologous 
nucleic acid encodes a cancer antigen, such as, for example,L523S (SEQ ID NO:6). In some 
embodiments the expression cassette comprises nucleotides 54-3675 of the sequence set forth 
in SEQ ID NO:3, nucleotides 1-1653 of the sequence set forth in SEQ ID NO:3, or the 
nucleotide sequence set forth in SEQ ID NO:3. The invention also provides host cells 
comprising the expression vectors described above. In some embodiments, the host cell is E. 
coli or mammalian cells. The invention further provides immunogenic compositions 
comprising the expression vector described above. 

[0010] Another embodiment of the invention provides a methods for expressing a 
heterologous nucleic acid sequence. A host cell comprising an expression vector comprising 
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an expression cassette comprising from 5' to 3' the following elements: a CMV promoter 
sequence, a CMV enhancer sequence, a CMV intron A sequence from the CMV major 
immediate early gene, a heterologous nucleic acid sequence, and a polyadenylation site, 
wherein the promoter is operably linked to the heterologous nucleic acid sequence is cultured. 
5 In some embodiments, the CMV intron A sequence has a deletion from about base 1513 to 
about base 1736. In some embodiments, the heterologous nucleic acid encodes a cancer 
antigen, such as, for example,L523S (SEQ ID NO:6). In some embodiments, the expression 
cassette comprises nucleotides 54-3675 of the sequence set forth in SEQ ID NO:3, 
nucleotides 1-1653 of the sequence set forth in SEQ ID NO:3, or the nucleotide sequence set 
10 forth in SEQ ID NO: 3. In some embodiments, the expression cassette comprises the 
nucleotides set forth in SEQ ID NO:4. In some embodiments, the host cell is E. coli or 
mammalian cells. 

[0011] A further embodiment of the invention provides a method for eliciting an immune 
response, the method comprising the steps of administering an immunogenically effective 

15 amount of the immunogenic composition comprising a vector comprising an expression 

cassette comprising from 5' to 3' the following elements: a CMV promoter sequence, a CMV 
enhancer sequence, a CMV intron A sequence from the CMV major immediate early gene, a 
heterologous nucleic acid sequence, and a polyadenylation site, wherein the promoter is 
operably linked to the heterologous nucleic acid sequence and wherein the immune response 

20 is directed against a peptide encoded by the heterologous nucleic acid sequence. In some 
embodiments, the immunogenic composition is administered multiple times. 



BRIEF DESCRIPTION OF THE SEQUENCES 



[0012] 



SEQ ID NO: 1 is a DNA sequence for pUC9. 



25 [0013] 



SEQ ID NO:2 is a DNA sequence for pRSVneo. 



[0014] 



SEQ ID NO:3 is a DNA sequence for pCRXA20, 



[0015] 



SEQ ID NO:4 is a DNA sequence for a CMV_Mffi__gene,_5'end. 



[0016] 



SEQ ID NO:5 is a DNA sequence for a adenoviral vector comprising a L523S 



sequence. 



30 



[0017] SEQ ID NO:6 is a DNA sequence for L523S. 
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[0018] SEQ ID NO:7 is a polypeptide sequence for L523S. 
[00191 SEQ ED NO: 8 is a polypeptide sequence for L523S. 

DETAILED DESCRIPTION OF THE INVENTION 

I. Introduction 

5 [0020] The present invention provides compositions that can target a malignancy with 

which a particular cancer antigen is associated, and compositions and methods that can elicit 
and enhance an immune response to the particular cancer antigen. In particular, the invention 
provides an expression vector DNA plasmid that can express genes when transfected into 
eukaryotic cells. The vector comprises an expression cassette comprising from 5' to 3' the 

10 following elements: a CMV promoter sequence, a CMV enhancer sequence, a CMV intron A 
sequence from the CMV major immediate early gene, a heterologous nucleic acid sequence, 
and a polyadenylation site, wherein the promoter is operably linked to the heterologous 
nucleic acid sequence. In an exemplary embodiment, the heterologous nucleic acid sequence 
is a cancer antigen. In some embodiments, the heterologous nucleic acid sequence encodes a 

15 cancer antigen. The invention also provides compositions comprising the expression vector 
and pharmaceutically acceptable carrier. The invention further provides compositions for 
expressing the heterologous nucleic acid sequence and methods for eliciting an immune 
response against the polypeptide encoded by the heterologous nucleic acid sequence by 
administering such compositions to a subject. 

20 II. Definitions 

[0021] An "immunogenic composition" is one that elicits or modulates an immune 
response, preferably the composition induces or enhances an immune response in response to 
a particular antigen. Immune responses include humoral immune responses and cell- 
mediated immune responses. An immunogenic composition can be used therapeutically or 
prophylactically to treat or prevent disease at any stage. 

[0022] As used herein, "heterologous" is defined in relation to a predetermined referenced 
nucleic acid or amino acid sequence. For example, with respect to a structural gene 
sequence, a heterologous promoter is defined as a promoter which does not naturally occur 
adjacent to the referenced structural gene, but which is positioned by laboratory 
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manipulation. Likewise, a heterologous gene or nucleic acid segment is defined as a gene or 
segment that does not naturally occur adjacent to the referenced promoter and/or enhancer 
elements. With respect to polypeptide sequences, i.e., polypeptide sequences encoding 
proteins, a heterologous peptide is one which does not naturally occur adjacent to the 
5 referenced protein or portion thereof. In some embodiments, the heterologous polypeptide is 
a proteins, polypeptides, or fusion proteins. 

[0023] A "proteins, polypeptides, or fusion proteins" refers to a protein having at least two 
polypeptides covalently linked, in which one polypeptide comes from one protein sequence 
or domain and the other polypeptide comes from another protein sequence or domain. The 

10 polypeptides can be linked either directly or via a covalent linker, e.g., an amino acid linker, 
such as a polyglycine linker, or another type of chemical linker, e.g., a carbohydrate linker, a 
lipid linker, a fatty acid linker, a polyether linker, e.g., PEG, etc. (see, e.g., Hermanson (1996) 
Bioconjugate techniques). The polypeptides forming the proteins, polypeptides, or fusion 
proteins are typically linked C-terminus to N-terminus, although they can also be linked C- 

15 terminus to C-terminus, N-terminus to N-terminus, or N-terminus to C-terminus. The 

polypeptides of the proteins, polypeptides, or fusion proteins can be in any order. The term 
"proteins, polypeptides, or fusion proteins" also refers to conservatively modified variants, 
polymorphic variants, alleles, mutant, subsequences and interspecies homologues of the 
polypeptides that make up the proteins, polypeptides, or fusion proteins, proteins, 

20 polypeptides, or fusion proteins may be produced by covalently linking a chain of amino 
acids from one protein sequence to a chain of amino acids from another protein sequence, 
e.g., by preparing a recombinant polynucleotide contiguously encoding the proteins, 
polypeptides, or fusion proteins, proteins, polypeptides, or fusion proteins can comprise 2, 3, 
4 or more different chains of amino acids from the same or different species. The different 

25 chains of amino acids in a proteins, polypeptides, or fusion proteins may be directly spliced 
together or may be indirectly spliced together via a chemical linking group or an amino acid 
linking group. The proteins, polypeptides, or fusion proteins may optionally comprise other 
components, as described in more detail herein. 
[0024] An "adjuvant" is a non-specific immune response enhancer. 

30 [0025] "Humoral immune responses" are mediated by cell free components of the blood, i.e., 
plasma or serum; transfer of the serum or plasma from one individual to another transfers 
immunity. 
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[0026J "Cell mediated immune responses" are mediated by antigen specific lymphocytes; 
transfer of the antigen specific lymphocytes from one individual to another transfers 
immunity. 

[0027] The immunogenic compositions of the present invention are administered to a subject 
5 in an amount sufficient to elicit a therapeutic or prophylactic response in the subject. An 
amount adequate to accomplish this is defined as "therapeutically effective dose or amount." 
[0028] The immunogenic compositions of the present invention are administered to a subject 
in an amount sufficient to elicit an immune response in the subject. An amount adequate to 
accomplish this is defined as "immunogenically effective dose or amount." 
10 [0029] The term "protein" is used herein interchangeably with "polypeptide" and 
"peptide." 

[0030] "Nucleic acid" refers to deoxyribonucleotides or ribonucleotides and polymers 
thereof in either single- or double-stranded form. The term encompasses nucleic acids 
containing known nucleotide analogs or modified backbone residues or linkages, which are 

1 5 synthetic, naturally occurring, and non-naturally occurring, which have similar binding 

properties as the reference nucleic acid, and which are metabolized in a manner similar to the 
reference nucleotides. Examples of such analogs include, without limitation, 
phosphorothioates, phosphoramidates, methyl phosphonates, chiral-methyl phosphonates, 2- 
Omethyl ribonucleotides, peptide-nucleic acids (PNAs). 

20 [0031] Unless otherwise indicated, a particular nucleic acid sequence also implicitly 

encompasses conservatively modified variants thereof (e.g., degenerate codon substitutions) 
and complementary sequences, as well as the sequence explicitly indicated. Specifically, 
degenerate codon substitutions may be achieved by generating sequences in which the third 
position of one or more selected (or all) codons is substituted with mixed-base and/or 

25 deoxyinosine residues (Batzer et al (1991) Nucleic Acid Res. 19:5081; Ohtsuka etal (1985) 
J. Biol. Chem. 260:2605-2608; Rossolini et al (1994) MoL CelL Probes 8:91-98). The term 
nucleic acid is used interchangeably with gene, cDNA, mRNA, oligonucleotide, and 
polynucleotide. 

[0032] A polynucleotide sequence comprising a proteins, polypeptides, or fusion proteins of 
30 the invention hybridizes under stringent conditions to each of the nucleotide sequences 

encoding each individual polypeptide of the proteins, polypeptides, or fusion proteins- The 
polynucleotide sequences encoding the individual polypeptides of the fusion polypeptide 
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therefore include conservatively modified variants, polymorphic variants, alleles, mutants, 
subsequences, and interspecies homologs. 

[0033] "Percentage of sequence identity" is determined by comparing two optimally aligned 
sequences over a comparison window, wherein the portion of the polynucleotide sequence in 
5 the comparison window may comprise additions or deletions (i.e., gaps) as compared to the 
reference sequence (which does not comprise additions or deletions) for optimal alignment of 
the two sequences. The percentage is calculated by determining the number of positions at 
which the identical nucleic acid base or amino acid residue occurs in both sequences to yield 
the number of matched positions, dividing the number of matched positions by the total 
10 number of positions in the window of comparison and multiplying the result by 100 to yield 
the percentage of sequence identity. 

[0034] The term "substantial identity" of polynucleotide sequences means that a 
polynucleotide comprises a sequence that has at least 25% sequence identity. Alternatively, 
percent identity can be any integer from 25% to 100%. More preferred embodiments include 

15 at least: 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 
95%, or 99% or higher, compared to a reference sequence using the programs described 
herein, preferably BLAST using standard parameters, as described below. One of skill will 
recognize that these values can be appropriately adjusted to determine corresponding identity 
of proteins encoded by two nucleotide sequences by taking into account codon degeneracy, 

20 amino acid similarity, reading frame positioning and the like. "Substantial identity" of amino 
acid sequences for these purposes normally means that a polypeptide comprises a sequence 
that has at least 40% sequence identity to, e.g., SEQ ID NO: 3. Preferred percent identity of 
polypeptides can be any integer from 40% to 100%. More preferred embodiments include at 
least 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, or 99%. Polypeptides which are 

25 "substantially similar" share sequences as noted above except that residue positions which are 
not identical may differ by conservative amino acid changes. Conservative amino acid 
substitutions refer to the interchangeability of residues having similar side chains. For 
example, a group of amino acids having aliphatic side chains is glycine, alanine, valine, 
leucine, and isoleucine; a group of amino acids having aliphatic-hydroxyl side chains is 

30 serine and threonine; a group of amino acids having amide-containing side chains is 
asparagine and glutamine; a group of amino acids having aromatic side chains is 
phenylalanine, tyrosine, and tryptophan; a group of amino acids having basic side chains is 
lysine, arginine, and histidine; and a group of amino acids having sulfur-containing side 
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chains is cysteine and methionine. Preferred conservative amino acids substitution groups 
are: valine-leucine-isoleucine, phenylalanine-tyrosine, lysine-arginine, alanine-valine, 
aspartic acid-glutamic acid, and asparagine-glutamine. 

[0035] Optimal alignment of sequences for comparison may be conducted by the local 
5 identity algorithm of Smith and Waterman (1981) Add. APL. Math. 2:482, by the identity 
alignment algorithm of Needleman and Wunsch (1970) J. Mol. Biol. 48:443, by the search 
for similarity method of Pearson and Lipman (1988) Proc. Natl. Acad. Sci. U.S.A. 85:2444, 
by computerized implementations of these algorithms (GAP, BESTFIT, BLAST, FASTA, 
and TFASTA in the Wisconsin Genetics Software Package, Genetics Computer Group 

10 (GCG), 575 Science Dr., Madison, WI), or by inspection. 

[0036J A preferred example of algorithms that are suitable for determining percent sequence 
identity and sequence similarity are the BLAST and BLAST 2.0 algorithms, which are 
described in Altschul et al (1977) Nuc. Acids Res. 25:3389-3402 and Altschul et al (1990) 
J. Mol. Biol. 215:403-410, respectively. BLAST and BLAST 2.0 are used, with the 

15 parameters described herein, to determine percent sequence identity for the nucleic acids and 
proteins of the invention. Software for performing BLAST analyses is publicly available 
through the National Center for Biotechnology Information (http://www.ncbi.nlm.nih.gov/). 
Cumulative scores are calculated using, for nucleotide sequences, the parameters M (reward 
score for a pair of matching residues; always > 0) and N (penalty score for mismatching 

20 residues; always < 0). For amino acid sequences, a scoring matrix is used to calculate the 
cumulative score. Extension of the word hits in each direction are halted when: the 
cumulative alignment score falls off by the quantity X from its maximum achieved value; the 
cumulative score goes to zero or below, due to the accumulation of one or more negative- 
scoring residue alignments; or the end of either sequence is reached. The BLAST algorithm 

25 parameters W, T, and X determine the sensitivity and speed of the alignment. The BLASTN 
program (for nucleotide sequences) uses as defaults a wordlength (W) of 1 1, an expectation 
(E) of 10, M=5, N=-4 and a comparison of both strands. For amino acid sequences, the 
BLASTP program uses as defaults a wordlength of 3, and expectation (E) of 10, and the 
BLOSUM62 scoring matrix (see Henikoff and Henikoff (1989) Proc. Natl. Acad. Sci. USA 

30 89:10915) alignments (B) of 50, expectation (E) of 10, M=5, N=-4, and a comparison of both 
strands. 

[0037] Another indication that nucleotide sequences are substantially identical is if two 
molecules hybridize to each other, or to a third nucleic acid, under moderately, and preferably 
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highly, stringent conditions. Stringent conditions are sequence dependent and will be 
different in different circumstances. Longer sequences hybridize specifically at higher 
temperatures. An extensive guide to the hybridization of nucleic acids is found in Tijssen, 
Techniques in Biochemistry and Molecular Biology— Hybridization with Nucleic Probes, 
5 "Overview of principles of hybridization and the strategy of nucleic acid assays" (1993). 
Generally, stringent conditions are selected to be about 5-10°C lower than the thermal 
melting point (Tm) for the specific sequence at a defined ionic strength and pH. The Tm is 
the temperature (under defined ionic strength and pH) at which 50% of the target sequence 
hybridizes to a perfectly matched probe. Typically, stringent conditions will be those in 

10 which the salt concentration is less than about 1.0 M sodium ion, typically about 0.01 to 1.0 
M sodium ion concentration (or other salts) at pH 7.0 to 8.3 and the temperature is at least 
about 30°C for short probes {e.g., 10 to 50 nucleotides) and at least about 60°C for long 
probes (e.g., greater than 50 nucleotides). Stringent conditions may also be achieved with the 
addition of destabilizing agents such as formamide. For selective or specific hybridization, a 

15 positive signal is at least two times background, preferably 10 times background 
hybridization. 

[0038] Exemplary stringent hybridization conditions can be as following: 50% formamide, 
5X SSC, and 1% SDS, incubating at 42°C, or, 5X SSC, 1% SDS, incubating at 65°C, with 
wash in 0.2X SSC, and 0.1% SDS at 65°C. 

20 [0039] For the purpose of the invention, suitable "moderately stringent conditions" include, 
for example, prewashing in a solution of 5X SSC, 0.5% SDS, 1.0 mM EDTA (pH 8.0), 
hybridizing at 50°C-65°C, 5X SSC overnight, followed by washing twice at 65°C for 20 
minutes with each of 2X, 0.5X and 0.2X SSC (containing 0.1% SDS). Such hybridizing 
DNA sequences are also within the scope of this invention. 

25 [0040] "Proliferation of T cells," as described herein, includes the multiplication of T cells as 
well as the stimulation of T cells leading to multiplication, i.e., the initiation of events leading 
to mitosis and mitosis itself. Methods for detecting proliferation of T cells are discussed 
below. 

III. Vectors of the Invention 

30 [0041] The present invention provides compositions that can target a malignancy with 

which a particular cancer antigen is associated, and compositions and methods that can elicit 
and enhance an immune response to the particular cancer antigen. In particular, the invention 
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provides an expression cassette comprising from 5' to 3' the following elements: a CMV 
promoter sequence, a CMV enhancer sequence, a CMV intron A sequence from the CMV 
major immediate early gene, a heterologous nucleic acid sequence, and a polyadenylation 
site, wherein the promoter is operably linked to the heterologous nucleic acid sequence. 
5 [0042] As disclosed within the present invention, the protein expression product of nucleic 
acid encoding the heterologous polypeptide is recognized by T cells. 

A, Expression Vectors 
[0043] In one embodiment, the compounds of the present invention comprise expression 
vectors comprising nucleic acids encoding proteins, polypeptides, or fusion proteins 

10 comprising the heterologous polypeptides or variants of the heterologous polypeptides. In 
the proteins, polypeptides, or fusion proteins of the invention, the heterologous polypeptide 
component can be directly fused or fused via a linker, e.g., an amino acid linker or another 
type of chemical linker to another polypeptide. Other variants within the scope of the 
invention include proteins, polypeptides, or fusion proteins in which the primary amino acid 

1 5 structure of native heterologous polypeptide is modified by forming covalent or aggregative 
conjugates with other peptides or polypeptides, or chemical moieties such as glycosyl groups, 
lipids, phosphate, acetyl groups and the like. Covalent derivatives may be prepared, for 
example, by linking particular functional groups to amino acid side chains or at the N- or C- 
terminus. 

20 [0044] The present invention also includes expression cassettes encoding fusion proteins 
and fusion proteins with or without glycosylation. Fusion proteins expressed in yeast or 
mammalian expression systems may be similar to, or slightly different in molecular weight 
and glycosylation pattern from, the native molecules, depending upon the expression system. 
Expression of DNA encoding polypeptides in bacteria such as E. coli typically provides non- 
25 glycosylated molecules. N-glycosylation sites of eukaryotic proteins are characterized by the 
amino acid triplet Asn-Ai-Z, wherein Ai is any amino acid except Pro, and Z is Ser or Thr. 
Variants of proteins, polypeptides, or fusion proteins having inactivated N-glycosylation sites 
can be produced by techniques known to one skilled in the art, such as oligonucleotide 
synthesis and ligation or site-specific mutagenesis techniques, and are within the scope of the 
30 invention. Alternatively, N-linked glycosylation sites can be added to a protein, polypeptide, 
or fusion protein. 

[0045] The proteins, polypeptides, or fusion proteins of the present invention, which will be 
understood to include variants, include any possible combination between human and non- 
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human polypeptides.. Non-human polypeptides comprise polypeptides from any mammal, 
such as, e.g., rat, mouse, guinea pig, horse, cow, pig, sheep, dog, etc. 

[00461 Any variants of the proteins, polypeptides, or fusion proteins of the present invention 
are included as embodiments of the present invention. In one embodiment, such variants are 
5 substantially identical or substantially similar to the native protein and retain the ability to 
stimulate an immune response. The effect of any sequence modification on the ability of a 
protein to produce an immune response may be readily determined, for example, by 
analyzing the ability of the mutated protein to induce a T cell response using, for example, 
the methods described herein, or by analyzing the ability of the mutated protein to produce 
10 antibodies. 

[0047] Within certain specific embodiments, the proteins, polypeptides, or fusion proteins of 
the invention may comprise a fusion partner, such as, e.g., an immunological fusion partner 
or an expression enhancer. A fusion partner may, for example, assist in providing T helper 
epitopes (an immunological fusion partner), preferably T helper epitopes recognized by 

15 humans, or may assist in expressing the proteins, polypeptides, or fusion proteins (an 

expression enhancer) at higher yields than the recombinant proteins, polypeptides, or fusion 
proteins. Certain preferred fusion partners are both immunological and expression enhancing 
fusion partners. Other fusion partners may be selected so as to increase the solubility of the 
proteins, polypeptides, or fusion proteins or to enable the proteins, polypeptides, or fusion 

20 proteins to be targeted to desired intracellular compartments. Still further fusion partners 

include affinity tags, which facilitate the purification of the proteins, polypeptides, or fusion 
proteins of interest. 

[0048] Also provided are proteins, polypeptides, or fusion proteins that comprise a fusion 
polypeptide as described herein together with an unrelated immunogenic protein. Preferably, 
25 the immunogenic protein is capable of eliciting a recall response. Examples of such proteins 
include tetanus, tuberculosis and hepatitis proteins {see, e.g., Stoute et al (1997) New Engl J. 
Med. 336:86-91). 

[0049] In other embodiments, an immunological fusion partner is derived from protein D, a 
surface protein of the gram-negative bacterium Haemophilus influenza B (WO 91/18926). 
30 Preferably, a protein D derivative comprises approximately the first third of the protein {e.g., 
the first N-terminal 100-1 1 0 amino acids), and the protein D derivative may be lipidated. 
Within certain preferred embodiments, the first 109 residues of a Lipoprotein D fusion 
partner are included on the N-terminus to provide the proteins, polypeptides, or fusion 
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proteins with additional exogenous T-cell epitopes and to increase the expression level in E. 
coli (thus functioning as an expression enhancer). The lipid tail ensures optimal presentation 
of the proteins, polypeptides, or fusion proteins to antigen presenting cells. Other fusion 
partners include the non-structural protein from influenzae virus, NS1 (hemaglutinin), or an 
immunogenic portion thereof (see, e.g., WO 99/40188 and WO 93/04175). Typically, the N- 
terminal 81 amino acids are used, although different fragments that include T-helper epitopes 
may be used. In one embodiment, the proteins, polypeptides, or fusion proteins of the present 
invention further comprise the NS1 fusion partner or an immunogenic fragment thereof, 
preferably attached to the N-terminal region of the proteins, polypeptides, or fusion proteins. 
The proteins, polypeptides, or fusion proteins comprising the NS1 partner are preferably 
recombinantly expressed in BHK cells, as described infra. 

[0050] In another embodiment, the immunological fusion partner is the protein known as 
LYTA, or a portion thereof (preferably a C-terminal portion). LYTA is derived from 
Streptococcus pneumoniae, which synthesizes an N-acetyl-L-alanine amidase known as 
amidase LYTA (encoded by the LytA gene; Gene 43:265-292 (1986)). LYTA is an autolysin 
that specifically degrades certain bonds in the peptidoglycan backbone. The C-terminal 
domain of the LYTA protein is responsible for the affinity to the choline or to some choline 
analogues such as DEAE. This property has been exploited for the development of E. coli C- 
LYTA expressing plasmids useful for expression of proteins, polypeptides, or fusion proteins. 
Purification of hybrid proteins containing the C-LYTA fragment at the amino terminus has 
been described (see, Biotechnology 10:795-798 (1992)). Within a preferred embodiment, a 
repeat portion of LYTA may be incorporated into a proteins, polypeptides, or fusion proteins. 
A repeat portion is found in the C-terminal region starting at residue 178. A particularly 
preferred repeat portion incorporates residues 188-305. 

[0051] Nucleic acids encoding the fusion partner polypeptides of this invention can be 
prepared by any suitable method known in the art. Exemplary methods include cloning and 
restriction of appropriate sequences or direct chemical synthesis by methods such as the 
phosphotriester method of Narang et al (1979) Meth. Emymol 68:90-99; the phosphodiester 
method of Brown et al (1979) Meth. Enzymol 68:109-151; the diethylphosphoramidite 
method of Beaucage et al (1981) Tetra. Lett 22:1859-1862; and the solid support method of 
U.S. Patent No. 4,458,066. 

[0052] Recombinant nucleic acids that encode a fusion polypeptide comprising a fusion 
partner polypeptide and a selected proteins, polypeptides, or fusion proteins can be prepared 
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using any methods known in the art. As described above, recombinant nucleic acids are 
constructed so that, preferably, the fusion partner polynucleotide sequence is located 5' to the 
polynucleotide sequence encoding the proteins, polypeptides, or fusion proteins of interest. 
The fusion partner and proteins, polypeptides, or fusion proteins polynucleotide sequences 
can also be modified to facilitate their fusion and subsequent expression. 
[0053] The recombinant nucleic acids can further comprise other nucleotide sequences such 
as sequences that encode affinity tags to facilitate protein purification protocol. 

B. Variants of the Proteins Encoded by the Heterologous Nucleic Acids 
[0054] In general, CD4 + T cell populations are considered to function as helpers or inducers 
through the release of lymphokines when stimulated by a specific antigen; however, a subset 
of CD4 + cells can act as cytotoxic T lymphocytes (CTL). Similarly, CD8 + T cells are 
considered to function by directly lysing antigenic targets; however, under a variety of 
circumstances they can secrete lymphokines to provide helper or DTH function. Despite the 
potential of overlapping function, the phenotypic CD4 and CD8 markers are linked to the 
recognition of peptides bound to class I or class II MHC antigens. The recognition of an 
antigen in the context of class I or class II MHC mandates that CD4 + and CD8 + T cells 
respond to different antigens or to the same antigen presented under different circumstances. 
The binding of immunogenic peptides to class II MHC antigens most commonly occurs for 
antigens ingested by antigen presenting cells. 

[0055] CD4 + T cells generally recognize antigens that have been external to the cancer cells. 
By contrast, under normal circumstances, binding of peptides to class I MHC occurs only for 
proteins present in the cytosol and synthesized by the target itself, proteins in the external 
environment are excluded. An exception to this is the binding of exogenous peptides with a 
precise class I binding motif which are present outside the cell in high concentration. Thus, 
CD4 + and CD8 + T cells have broadly different functions and tend to recognize different 
antigens as a reflection of where the antigens normally reside. 

[0056] Another way to make amino acid substitutions to produce variants of the present 
invention is to identify and replace amino acids in T cell motifs with potential to bind to class 
II MHC molecules (for CD4 + T cell response) or class I MHC molecules (for CD8 + T cell 
response). Peptide segments with a motif with theoretical potential to bind to class II MHC 
molecules may be identified by computer analysis. For example, a protein sequence analysis 
package, T Sites, that incorporates several computer algorithms designed to distinguish 
potential sites for T cell recognition can be used (Feller et al (1991) Nature 349:720-721). 
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Two searching algorithms are used: (1) the AMPHI algorithm described by Margalit (Feller 
et al (1991) Nature 349:720-721; Margalit et al (1987) J. Immunol 138:2213-2229) 
identifies epitope motifs according to alpha-helical periodicity and amphipathicity; (2) the 
Rothbard and Taylor algorithm identifies epitope motifs according to charge and polarity 

5 pattern (Rothbard et al (1988) EMBO J. 7:93-100). Segments with both motifs are most 
appropriate for binding to class E MHC molecules. CD8 + T cells recognize peptides bound 
to class I MHC molecules. Parker et al (1994) J. Immunol 152:163 have determined that 
peptides binding to particular MHC molecules share discernible sequence motifs. A peptide 
motif for binding in the groove of HLA-A2.1 has been defined by Edman degradation of 

10 peptides stripped from HLA-A2.1 molecules of a cultured cell line (Table 1, from Falk et al 
(1991) Nature 351 :290-296). The method identified the typical or average HLA-A2.1 binding 
peptide as being 9 amino acids in length with dominant anchor residues occurring at positions 
2 (L) and 9 (V). Commonly occurring strong binding residues have been identified at 
positions 2 (M), 4 (E,K), 6 (V), and 8 (K). The identified motif represents the average of 

1 5 many binding peptides. 
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Table 1: The HLA-A2.I Restricted Motif 
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[0057] The derived peptide motif as currently defined is not particularly stringent. Some 
HLA-A2.1 binding peptides do not contain both dominant anchor residues and the amino 
acids flanking the dominant anchor residues play major roles in allowing or disallowing 
binding. Not every peptide with the current described binding motif will bind, and some 
peptides without the motif will bind. However, the current motif is valid enough to allow 
identification of some peptides capable of binding. Of note, all MHC molecules and 
respective motifs place 6 amino acids between the dominant anchor amino acids at residues 2 
and 9. 

[0058] Following identification of peptide motifs within proteins, amino acid substitutions 
can be made conservatively or non-conservatively. The latter type of substitutions are 
intended to produce an improved protein that is more potent and/or more broadly cross- 
reactive. An example of a more potent protein or peptide is one that binds with higher 
affinity to the same MHC molecule as the natural protein or polypeptide, without affecting 
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recognition by T cells specific for natural protein or polypeptide. An example of a 
polypeptide with broader cross-reactivity is one that induces more broadly cross-reactive 
immune responses (i.e., binds to a greater range of MHC molecules) than natural polypeptide. 
Similarly, one or more amino acids residing between peptide motifs and having a spacer 
5 function (e.g. , do not interact with a MHC molecule or T cell receptor) can be substituted 
conservatively or non-conservatively. It will be evident to one of ordinary skill in the art that 
polypeptides containing one or more amino acid substitutions can be tested for beneficial or 
adverse immunological interactions by a variety of assays, including those described herein 
for the ability to stimulate T cell recognition. 
10 [0059] Variants within the scope of this invention can also, or alternatively, contain other 

modifications, including the deletion or addition of amino acids, that have minimal influence 
on the desired immunological properties of the polypeptide, as described supra. It will be 
appreciated by one of ordinary skill in the art that truncated forms or non-native extended 
forms of a protein can be used, provided the desired immunological properties are at least 
1 5 roughly equivalent to that of full length, native protein. Cysteine residues may be deleted or 
replaced with other amino acids to prevent formation of incorrect intramolecular disulfide 
bridges upon renaturation. Other approaches to mutagenesis involve modification of adjacent 
dibasic amino acid residues to enhance expression in yeast systems in which KEX2 protease 
activity is present. 

20 IV. Preparing Polynucleotides of The Invention 

A. Polynucleotides Encoding Proteins, polypeptides, or fusion proteins 
[0060] In accordance with the invention, any nucleotide sequence which encodes the amino 
acid sequence of the proteins, polypeptides, or fusion proteins of interest can be used to 
generate recombinant molecules which direct the expression of the proteins, polypeptides, or 
25 fusion proteins. 

[0061] In order to clone full-length coding sequences or homologous variants to generate the 
fusion polynucleotides, labeled DNA probes designed from any portion of a nucleotide 
sequences or its complements may be used to screen a genomic or cDNA library, to identify 
the coding sequence of each individual component of the proteins, polypeptides, or fusion 
30 proteins. The nucleotide sequences can be from any suitable mammal, e.g., human, rat, 
mouse, horse, cow, pig, sheep, dog, etc. 
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[0062] Such clones may be isolated by screening an appropriate expression library for clones 
that express a full length protein of interest, such as a cancer antigen. The library preparation 
and screen may generally be performed using methods known to one of ordinary skill in the 
art, such as methods described in Sambrook et al., Molecular Cloning: A Labor atoiy Manual, 
5 Cold Spring Harbor Laboratories, Cold Spring Harbor, NY (1989). Briefly, a bacteriophage 
expression library may be plated and transferred to filters. The filters may then be incubated 
with a detection reagent. In the context of this invention, a "detection reagent" is any 
compound capable of binding to the protein, which may then be detected by any of a variety 
of means known to one of ordinary skill in the art. Typical detection reagents contain a 

10 "binding agent," such as Protein A, Protein G, IgG or a lectin, coupled to a reporter group. 
Preferred reporter groups include enzymes, substrates, cofactors, inhibitors, dyes, 
radionuclides, luminescent groups, fluorescent groups and biotin. More preferably, the 
reporter group is horseradish peroxidase, which may be detected by incubation with a 
substrate such as tetramethylbenzidine or 2,2 , -azino-di-3-ethylbenz-thiazoiine sulfonic acid. 

15 For example, plaques containing genomic or cDNA sequences that express a cancer antigen 
are isolated and purified by techniques known to one of ordinary skill in the art. Appropriate 
methods may be found, for example, in Sambrook et al, supra. 

[0063] Isolation of coding sequences may also be carried out by the polymerase chain 
reaction (PGR) using two degenerate oligonucleotide primer pools designed on the basis of 

20 the coding sequences disclosed herein. The desired nucleic acids can also be cloned using 
other well known amplification techniques. Examples of protocols sufficient to direct 
persons of skill through in vitro amplification methods, including PCR, ligase chain reaction 
(LCR), QjS-replicase amplification and other RNA polymerase mediated techniques are found 
in Sambrook et al., supra, and Ausubel et al Current Protocols in Molecular Biology (1994), 

25 as well as in U.S. Patent No. 4,683,202; PCR Protocols A Guide to Methods and Applications 
(Innis et al eds. 1990); Arnheim & Levinson C&ENpp. 36-47 (October 1, 1990); Tfte 
Journal of NIH Research 3:81-94 (1991); Kwoh et al. (1989) Proc. Natl. Acad. Sci. USA 
86:1173; Guatelli et al (1990) Proc. Natl Acad. Set USA 87:1874; Lomell et al (1989) J. 
Clin. Chem. 35:1826; Landegren et al (1988) Science 241:1077-1080; Van Brunt (1990) 

30 Biotechnology 8:291-294; Wu et al (1989) Gene 4:560; and Barringer et al (1990) Gene 
89:1 17. Improved methods of cloning in vitro amplified nucleic acids are described in U.S. 
Patent No. 5,426,039. Suitable primers for use in the amplification of the nucleic acids of the 
invention can be designed based on the sequences provided herein. 
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[0064] In accordance with the invention, a polynucleotide of the invention which encodes a 
proteins, polypeptides, or fusion proteins, fragment thereof, or functional equivalent thereof 
may be used to generate recombinant nucleic acid molecules that direct the expression of the 
proteins, polypeptides, or fusion proteins, fragment thereof, or functional equivalent thereof, 
in appropriate host cells. The fusion polypeptide products encoded by such polynucleotides 
may be altered by molecular manipulation of the coding sequence. 
[0065] Due to the inherent degeneracy of the genetic code, other DNA sequences which 
encode substantially the same or a functionally equivalent amino acid sequence, may be used 
in the practice of the invention for the expression of the fusion polypeptides. Such DNA 
sequences include those which are capable of hybridizing to the coding sequences or their 
complements disclosed herein under low, moderate or high stringency conditions as 
described herein. 

[0066] Altered nucleotide sequences which may be used in accordance with the invention 
include deletions, additions or substitutions of different nucleotide residues resulting in a 
sequence that encodes the same or a functionally equivalent gene product. The gene product 
itself may contain deletions, additions or substitutions of amino acid residues, which result in 
a silent change thus producing a functionally equivalent antigenic epitope. Such conservative 
amino acid substitutions may be made on the basis of similarity in polarity, charge, solubility, 
hydrophobicity, hydrophilicity, and/or the amphipathic nature of the residues involved. For 
example, negatively charged amino acids include aspartic acid and glutamic acid; positively 
charged amino acids include lysine, histidine and arginine; amino acids with uncharged polar 
head groups having similar hydrophilicity values include the following: glycine, asparagine, 
glutamine, serine, threonine and tyrosine; and amino acids with nonpolar head groups include 
alanine, valine, isoleucine, leucine, phenylalanine, proline, methionine and tryptophan. 
[0067] The nucleotide sequences of the invention may be engineered in order to alter the 
proteins, polypeptides, or fusion proteins coding sequence for a variety of ends, including but 
not limited to, alterations which modify processing and expression of the gene product. For 
example, mutations may be introduced using techniques which are well known in the art, e.g., 
to insert or delete restriction sites, to alter glycosylation patterns, phosphorylation, to create 
and/or destroy translation, initiation, and/or termination sequences, or to create variations in 
coding regions, to facilitate further in vitro modification, etc. One of skill will recognize 
many ways of generating alterations in a given nucleic acid construct. Such well-known 
methods include, e.g., site-directed mutagenesis, PCR amplification using degenerate 
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oligonucleotides, exposure of cells containing the nucleic acid to chemical mutagenic agents 
or radiation, chemical synthesis of a desired oligonucleotide (e.g., in conjunction with 
ligation and/or cloning to generate large nucleic acids) and other well-known techniques (see, 
e.g., Giliman et al. (1979) Gene 8:81-97; Hutchinson et al. (1978) J. Biol Chem. 253:6551; 
5 Roberts et al (1987) Nature 328: 731-734). Preferably, the manipulations do not destroy 
immunogenicity of the fusion polypeptides. 

[0068] In one embodiment of the invention, the coding sequence of a proteins, polypeptides, 
or fusion proteins may be synthesized in whole or in part, using chemical methods well 
known in the art (see, e.g., Caruthers et al. (1980) Nuc. Acids Res. Symp. Ser. 7:215-233; 

10 Crea et al (1980) Nuc. Acids Res. 9(10):2331; Matteucci et al. (1980) Tetrahedron Letter 
21:719 (1980); and Chow et al. (1981) Nuc. Acids Res. 9(12):28G7-2817). 

B. Sequence Modifications 
[0069] Variants of the proteins, polypeptides, or fusion proteins of the invention that retain 
the ability to stimulate an immune response may generally be identified by modifying the 

15 sequence in one or more of the aspects described above and assaying the resulting proteins, 
polypeptides, or fusion proteins for the ability to stimulate an immune response, e.g., a T cell 
response or an antibody response. For example, such assays may generally be performed by 
contacting T cells with the modified proteins, polypeptides, or fusion proteins and assaying 
the response. Naturally occurring variants of the individual polypeptide components of the 

20 proteins, polypeptides, or fusion proteins may also be isolated by, for example, screening an 
appropriate cDNA or genomic library with a DNA sequence encoding each individual 
polypeptide or a variant thereof. 

[0070] The above-described sequence modifications may be introduced using standard 
recombinant techniques or by automated synthesis of the modified proteins, polypeptides, or 

25 fusion proteins. For example, mutations can be introduced at particular loci by synthesizing 
oligonucleotides containing a mutant sequence, flanked by restriction sites enabling ligation 
to fragments of the native sequence. Following ligation, the resulting reconstructed sequence 
encodes an analogue having the desired amino acid insertion, substitution, or deletion. 
[0071] Alternatively, oligonucleotide-directed site-specific mutagenesis procedures can be 

30 used to provide a gene in which particular codons are altered according to the substitution, 
deletion, or insertion required. Exemplary methods of making the alterations set forth above 
are described by Walder et al (1986) Gene 42:133; Bauer et al (1985) Gene 37:73; Craik 
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(1985) BioTechniques January: 12- 19; Smith et al (1981) Genetic Engineering: Principles 
and Methods, Plenum Press; and U.S. Patent Nos. 4,518,584 and 4,737,462. 
[0072] Mutations in nucleotide sequences constructed for expression of such proteins, 
polypeptides, or fusion proteins must, of course, preserve the reading frame of the coding 
5 sequences and preferably will not create complementary regions that could hybridize to 

produce secondary mRNA structures, such as loops or hairpins, which would adversely affect 
the translation of the mRNA. Although a mutation site may be predetermined, it is not 
necessary that the nature of the mutation per se be predetermined. For example, in order to 
select for optimum characteristics of mutants at a given site, random mutagenesis may be 

10 conducted at the target codon and the expressed protein mutants screened for the desired 
activity. Not all mutations in a nucleotide sequence which encodes a protein will be 
expressed in the final product. For example, nucleotide substitutions may be made to 
enhance expression, primarily to avoid secondary structure loops in the transcribed mRNA 
(see, e.g., European Patent Application 75, 444 A), or to provide codons that are more readily 

15 translated by the selected host, such as the well-known E. coli preference codons for E. coli 
expression. 

C. Expression Vectors 
[0073] The proteins, polypeptides, or fusion proteins, and variants thereof, of the present 
invention, are preferably produced by recombinant DNA methods. Such methods include, 

20 for example, inserting a DNA sequence encoding a cancer antigen protein, polypeptide, or 
fusion protein into the recombinant expression vector described above and expressing the 
DNA sequence in a recombinant microbial, mammalian, fungal or insect cell expression 
system under conditions promoting expression and, preferably, secretion of the proteins, 
polypeptides, or fusion proteins. DNA sequences encoding the proteins, polypeptides, or 

25 fusion proteins provided by this invention can be assembled from cDNA fragments and short 
oligonucleotide linkers, or from a series of oligonucleotides, to provide a synthetic gene 
which is capable of being inserted in a recombinant expression vector and expressed in a 
recombinant transcriptional unit. 

[0074] Recombinant expression vectors contain a DNA sequence encoding a protein operably 
30 linked to suitable transcriptional or translational regulatory elements derived from 

mammalian, fungal, microbial, viral or insect genes. Such regulatory elements include a 
transcriptional promoter, an optional operator sequence to control transcription, a sequence 
encoding suitable mRNA ribosomal binding sites, and sequences which control the 
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termination of transcription and translation. An origin of replication and a selectable marker 
to facilitate recognition of transformants may additionally be incorporated. 
[0075] DNA regions are "operably linked" when they are functionally related to each other. 
For example, DNA for a signal peptide (secretory leader) is operably linked to DNA for a 
5 polypeptide if it is expressed as a precursor which participates in the secretion of the 
polypeptide; a promoter is "operably linked" to a coding sequence if it controls the 
transcription of the sequence; or a ribosome binding site is "operably linked'* to a coding 
sequence if it is positioned so as to permit translation. Generally, "operably linked" means 
contiguous and, in the case of secretory leaders, in reading frame. DNA sequences encoding 
10 proteins, polypeptides, or fusion proteins which are to be expressed in a microorganism will 
preferably contain no introns that could prematurely terminate transcription of DNA into 
mRNA. 

[0076] Expression vectors for bacterial use may comprise a selectable marker and a bacterial 
origin of replication derived from commercially available piasmids comprising genetic 

15 elements of the well known cloning -vector pBR322 (ATCC 37017). Such commercial 
vectors include, e.g., pKK223-3 (Pharmacia Fine Chemicals, Uppsala, Sweden), pGEMl 
(Promega Biotec, Madison, WT), pET28b (Novagen) and pPDM (a modified pET28b, 
Corixa). These pBR322 "backbone" sections are combined with an appropriate promoter and 
the structural sequence to be expressed. E. coli is typically transformed using derivatives of 

20 pBR322, a plasmid derived from an E. coli species (Bolivar et al (1977) Gene 2:95). 

pBR322 contains genes for ampicillin and tetracycline resistance and thus provides simple 
means for identifying transformed cells. 

[0077] Preferred yeast vectors can be assembled using DNA sequences from pBR322 for 
selection and replication in E. coli (Amp r gene and origin of replication) and yeast DNA. The 

25 yeast cc-factor leader, which directs secretion of heterologous proteins, can be inserted 

between the promoter and the structural gene to be expressed (see, e.g., Kurjan et al. (1982) 
Cell 30:933; and Bitter et al (1984) Proc. Natl Acad. Sci. USA 81:5330. The leader 
sequence may be modified to contain, near its 3' end, one or more useful restriction sites to 
facilitate fusion of the leader sequence to foreign genes. 

30 [0078] In addition to the transcriptional and translational control sequences, some expression 
systems have markers that provide gene amplification, such as neomycin, thymidine kinase, 
hygromycin B phosphotransferase, and dihydrofolate reductase. 
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[0079] A useful cell line that allows for episomal replication of expression vectors is CV- 
1/EBNA (ATCC CRL 10478). The CV-1/EBNA cell line was derived by transfection of the 
CV-1 cell line with a gene encoding Epstein-Barr virus nuclear antigen-I (EBNA-1) and 
constitutively expresses EBNA-1 driven from human CMV immediate-early 
enhancer/promoter. 

[0080] Preferred vectors for expression in mammalian cultured cells include pFLAGCMV-1 
(Kodak), pcDNA3.1/hyg (Invitrogen), pEE14-GS (CellTech), pBIB and VR1012 (Hartikka et 
al (1996) Hum. Gene Titer. 7(10):1205-1217). 

[0081] Any of the well known procedures for introducing foreign nucleotide sequences into 
host cells may be used to introduce the expression vector. These include the use of reagents 
such as Superfect (Qiagen), liposomes, calcium phosphate transfection, polybrene, protoplast 
fusion, electroporation, microinjection, plasmid vectors, viral vectors, biolistic particle 
acceleration (the gene gun), or any of the other well known methods for introducing cloned 
genomic DNA, cDNA, synthetic DNA or other foreign genetic material into a host cell {see, 
e.g. , Sambrook et al , supra) . 
D. Host Cells 

[0082] Transformed host cells are cells which have been transformed or transfected with 
expression vectors constructed using recombinant DNA techniques and which contain 
sequences encoding proteins, polypeptides, or fusion proteins of interest. Transformed host 
cells may express the desired proteins, polypeptides, or fusion proteins of interest, but host 
cells transformed for purposes of cloning or amplifying a DNA do not need to express the 
proteins, polypeptides, or fusion proteins of interest. Expressed proteins, polypeptides, or 
fusion proteins will preferably be secreted into the culture medium or supernatant, depending 
on the DNA selected. One skilled in the art will appreciate that if proteins, polypeptides, or 
fusion proteins are secreted into the culture supernatant, then they are also soluble in the 
culture supernatant. 

[0083] Any of the well known procedures for introducing foreign nucleotide sequences into 
host cells may be used to introduce the expression vector. These include the use of reagents 
such as Superfect (Qiagen), liposomes, calcium phosphate transfection, polybrene, protoplast 
fusion, electroporation, microinjection, plasmid vectors, viral vectors, biolistic particle 
acceleration (the gene gun), or any of the other well known methods for introducing cloned 
genomic DNA, cDNA, synthetic DNA or other foreign genetic material into a host cell {see, 
e.g., Sambrook et al, supra). 
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[0084] Suitable host cells for expression of recombinant proteins include prokaryotes, yeast 
or higher eukaryotic cells under the control of appropriate promoters. Examples of suitable 
mammalian host cell lines include the COS-7 lines of monkey kidney cells, described by 
Gluzman (1981) Cell 23: 175, and other cell lines capable of expressing an appropriate vector 
5 including, e.g., CV-1/EBNA (ATCC CRL 10478), L cells, C127, 3T3, Chinese hamster ovary 
(CHO), COS, NS-1, HeLa, Human embryonic Kidney Fibroblasts (HEK 293), BHK and 
HEK293 cell lines. Mammalian expression vectors may comprise nontranscribed elements 
{e.g., an origin of replication, a suitable promoter and/or an enhancer linked to the gene to be 
expressed, and other 5' or 3' flanking nontranscribed sequences) and 5' or 3' nontranslated 

10 sequences {e.g., necessary ribosome binding sites, a polyadenylation site, splice donor and 
acceptor sites, and transcriptional termination sequences). Preferred mammalian expression 
systems are the Chinese hamster ovary (CHO), the HEK293 and the BHK cell lines. 
Recombinant CHO-expressed protein, polypeptide, or fusion protein are secreted into the cell 
supernatant as a glycosylated protein. 

15 [0085] Prokaryotes include gram negative or gram positive organisms, for example E. coli 
or Bacilli. Higher eukaryotic cells include established cell lines of insect or mammalian 
origin as described below. Cell-free translation systems could also be used to produce 
proteins, polypeptides, or fusion proteins using RNAs derived from DNA constructs. 
Appropriate cloning and expression vectors for use with bacterial, fungal, yeast, and 

20 mammalian cellular hosts are described, for example, by Pouwels et al, Cloning Vectors: A 
Laboratory Manual, Elsevier, NY (1985). 

[0086] Prokaryotic expression hosts may be used for expression of proteins, polypeptides, 
or fusion proteins that do not require extensive proteolytic and disulfide processing. 
Prokaryotic expression vectors generally comprise one or more phenotypic selectable 

25 markers, e.g., a gene encoding a protein conferring antibiotic resistance or supplying an 
autotrophic requirement, and an origin of replication recognized by the host to ensure 
amplification within the host. Suitable prokaryotic hosts for transformation include E. coli 
{e.g., BL21 (DE3) CodonPlus E. coli), Bacillus subtilis, Salmonella typhimurium, and various 
species within the genera Pseudomonas, Streptomyces, and Staphylococcus, although other 

30 hosts may also be used. 

[0087] Insect {e.g., Spodoptera or Trichoplusid) cell culture systems can also be used to 
express recombinant polypeptides. Baculovirus systems for production of heterologous 
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polypeptides in insect cells are reviewed, for example, by Luckow et al. (1988) 
BioTechnology 6:47. 

E. Purification of the Proteins of Interest 
[0088] It will be understood by one of skill in the art that purified proteins, polypeptides, or 

5 fusion proteins of interest may be prepared by culturing suitable host/vector systems to 

express the recombinant translation products of the DNAs of the present invention, which are 
then purified from culture media or cell extracts. For example, supernatants from systems 
which secrete recombinant polypeptides into culture media may be first concentrated using a 
commercially available protein concentration filter, such as, e.g., an Amicon or Millipore 

1 0 Pellicon ultrafiltration unit. Following the concentration step, the concentrate may be applied 
to a suitable purification matrix. For example, a suitable affinity matrix may comprise a 
counter structure protein (i.e., a protein to which a protein, polypeptide, or fusion protein of 
interest binds in a specific interaction based on structure) or lectin or antibody molecule 
bound to a suitable support. 

1 5 [0089] Alternatively, an anion exchange resin can be used, for example, a matrix or 
substrate having pendant diethylaminoethyl (DEAE) groups. The matrices can be 
acrylamide, agarose, dextran, cellulose, polystyrene, sepharose or other types commonly used 
in protein purification. Alternatively, a cation exchange step can be used. Suitable cation 
exchangers include various insoluble matrices comprising sulfopropyl or carboxy-methyl 

20 groups, preferably sulfopropyl groups. Gel filtration chromatography also provides a means 
of purifying proteins, polypeptides, or fusion proteins. The proteins, polypeptides, or fusion 
proteins of the invention are preferably purified by anion exchange chromatography using, 
e.g., monoQ columns or Q sepharose High Performance chromatography. 
[0090] Affinity chromatography is another preferred method of purifying proteins, 

25 polypeptides, or fusion proteins. For example, monoclonal antibodies against the proteins, 
polypeptides, or fusion proteins may be useful in affinity chromatography purification, by 
using methods that are well-known in the art. 

[0091] Finally, one or more reverse-phase high performance liquid chromatography (RP- 
HPLC) steps using hydrophobic RP-HPLC media (e.g., silica gel having pendant methyl or 
30 other aliphatic groups) may be used to further purify proteins, polypeptides, or fusion 

proteins of interest. Some or all of the foregoing purification steps, in various combinations, 
can also be used to provide a homogeneous recombinant protein or polypeptide. 
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[0092] Recombinant proteins, polypeptides, or fusion proteins produced in bacterial culture 
may be purified by initial extraction from cell pellets, followed by one or more concentration, 
salting-out, aqueous ion exchange or size exclusion chromatography steps. High 
performance liquid chromatography (HPLC) may be used for final purification steps. 
5 Microbial cells used in expression of recombinant proteins, polypeptides, or fusion proteins 
can be disrupted by any convenient method, including fireeze-thaw cycling, sonication, 
mechanical disruption, or use of cell lysing agents. 

[0093] Fermentation of yeast cells which express proteins, polypeptides, or fusion proteins 
as a secreted protein greatly simplifies purification. The secreted recombinant proteins 
10 resulting from a large-scale fermentation can be purified by methods analogous to those 
disclosed by Urdal et al (1 984) J. Chromatog. 296: 17 1 . This reference describes two 
sequential, reverse-phase HPLC steps for purification of recombinant human GM-CSF on a 
preparative HPLC column. 

[0094] Preparations of proteins, polypeptides, or fusion proteins synthesized in 
15 recombinant cultures may contain non- proteins, polypeptides, or fusion proteins cell 
components, including proteins, in amounts and of a character which depend upon the 
purification steps taken to recover the proteins, polypeptides, or fusion proteins from the 
culture. These components are ordinarily of yeast, prokaryotic or non-human eukaryotic 
origin. Such preparations are typically free of other proteins which may be normally 
20 associated with the protein of interest as it is found in nature in its species of origin. 

[0095] Automated synthesis provides an alternate method for preparing proteins and 
polypeptides of this invention. For example, any of the commercially available solid-phase 
techniques may be used, such as, e.g., the Merrifield solid phase synthesis method, in which 
amino acids are sequentially added to a growing amino acid chain (see, Merrifield (1963) J. 
25 Am. Chem. Soc. 85:2149-2146). Equipment for automated synthesis of polypeptides is 

commercially available from suppliers such as Applied Biosystems, Inc. (Foster City, CA), 
and may generally be operated according to the manufacturer's instructions. 

V. Compositions of the Invention 

[0096J The DNA vectors of the invention and the polypeptides encoded by the 
30 heterologous nucleic acid sequences therein can conveniently be incorporated into 

pharmaceutical compositions or immunogenic compositions (z.e., vaccines). Pharmaceutical 
compositions comprise the vectors and a physiologically acceptable carrier or excipient. 
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Vaccines may comprise one or more such compounds or cells and an immunostimulant, such 
as an adjuvant or a liposome (into which the compound is incorporated). An immunostimu- 
lant may be any substance that enhances or potentiates an immune response (antibody- and/or 
cell-mediated) to an exogenous antigen. Examples of immunostimulants include adjuvants, 
5 biodegradable microspheres (e.g., polylactic galactide) and liposomes (into which the 

compound is incorporated) (U. S. Patent No. 4,235,877). Vaccine preparation is generally 
described in, for example, Powell and Newman (1995). Pharmaceutical compositions and 
vaccines within the scope of the present invention may also contain other compounds, which 
may be biologically active or inactive. For example, one or more immunogenic portions of 
10 other tumor antigens may be present, either incorporated into a fusion peptide or as a separate 
compound, within the composition or vaccine. 

[0097] Within certain embodiments, pharmaceutical compositions and vaccines are 
designed to elicit T cell responses specific for a hematological malignancy related peptide in 
a patient, such as a human. In general, T cell responses may be favored through the use of 

15 heterologous nucleic acids encoding relatively short peptides (e.g., comprising less than 23 
consecutive amino acid residues of a native hematological malignancy related peptide, 
preferably 4-16 consecutive residues, more preferably 8-16 consecutive residues and still 
more preferably 8-10 consecutive residues). Alternatively, or in addition, a vaccine may 
comprise an immmiostimulant that preferentially enhances a T cell response. In other words, 

20 the immimostimulant may enhance the level of a T cell response to a hematological 

malignancy related peptide by an amount that is proportionally greater than the amount by 
which an antibody response is enhanced. For example, when compared to a standard oil 
based adjuvant, such as CFA, an immimostimulant that preferentially enhances a T cell 
response may enhance a proliferative T cell response by at least two fold, a lytic response by 

25 at least 10%, and/or T cell activation by at least two fold compared to hematological 

malignancy related-negative control cell lines, while not detectably enhancing an antibody 
response. The amount by which a T cell or antibody response to a polypeptide encoded by 
the heterologous nucleic acid is enhanced may generally be determined using any 
representative technique known in the art, such as the techniques provided herein. 

30 [0098] A pharmaceutical composition or vaccine may contain nucleic acid sequences 

encoding one or more of the cancer antigens as described above, such that a polypeptide is 
generated in situ. As noted above, the DNA may be present within any of a variety of 
delivery systems known to those of ordinary skill in the art, including nucleic acid expression 
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systems, bacterial and viral expression systems and mammalian expression systems. 
Numerous gene delivery techniques are well known in the art (Rolland, 1998, and references 
cited therein). Appropriate nucleic acid expression systems contain the necessary DNA, 
cDNA or RNA sequences for expression in the patient (such as a suitable promoter and 
5 terminating signal). Bacterial delivery systems involve the administration of a bacterium 

(such as Bacillus-Calmette-Guen-in) that expresses an immunogenic portion of the peptide on 
its cell surface or secretes such an epitope. In a preferred embodiment, the DNA may be 
introduced using a viral expression system (e.g., vaccinia or other pox virus, retrovirus, or 
adenovirus), which may involve the use of a non-pathogenic (defective), replication 

10 competent virus (Fisher-Hoch et aL, 1989; Flexner et aL, 1989; Flexner et aL, 1990; U. S. 

Patent No. 4,603,112, U. S. Patent No. 4,769,330, U. S. Patent No. 5,017,487; Intl. Pat. Appl. 
Publ No. WO 89/01973; U, S. Patent No. 4,777,127; Great Britain Patent No. GB 2,200,651; 
European Patent No. EP 0,345,242; Intl. Pat. Appl. Publ. No. WO 91/02805; Berkner, 1988; 
Rosenfeld et aL, 1991; Kolls et aL, 1994; Kass-Eisler et aL, 1993; Guzman et aL, 1993a; and 

15 Guzman et aL, 1993). Techniques for incorporating DNA into such expression systems are 
well known to those of ordinary skill in the art. It will be apparent that a vaccine may 
comprise both a polynucleotide and a peptide component. Such vaccines may provide for an 
enhanced immune response. 

[0099] It will be apparent to those of ordinary skill in the art having the benefit of the 
20 present teachings that a vaccine may contain pharmaceutically acceptable carriers. The 

phrases "pharmaceutically or pharmacologically acceptable" refer to molecular entities and 
compositions that do not produce an adverse, allergic or other significant untoward reaction 
when administered to an animal, or a human, as appropriate. As used herein, 
"phaimaceutically acceptable carrier" includes any and all solvents, dispersion media, 
25 coatings, antibacterial and antifungal agents, isotonic and absorption delaying agents and the 
like. The use of such media and agents for pharmaceutical active substances is well known in 
the art. Except insofar as any conventional media or agent is incompatible with the active 
ingredient, its use in the therapeutic compositions is contemplated. For human 
administration, preparations should meet sterility, pyrogenicity, and general safety and purity 
30 standards as required by the Food and Drug Administration Office of Biologies standards. 
Supplementary active ingredients can also be incorporated into the compositions. 
[0100] While any suitable carrier known to those of ordinary skill in the art may be 
employed in the pharmaceutical compositions of this invention, the type of carrier will vary 
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depending on the mode of administration. Compositions of the present invention may be 
formulated for any appropriate manner of administration, including for example, topical, oral, 
nasal, intravenous, intracranial, intraperitoneal, subcutaneous or intramuscular administration. 
For parenteral administration, such as subcutaneous injection, the carrier preferably 
5 comprises water, saline, alcohol, a fat, a wax or a buffer. For oral administration, any of the 
above carriers or a solid carrier, such as mannitol, lactose, starch, magnesium stearate, 
sodium saccharine, talcum, cellulose, glucose, sucrose, and magnesium carbonate, may be 
employed. Biodegradable microspheres (e.g., polylactate polyglycolate) may also be 
employed as carriers for the pharmaceutical compositions of this invention. Suitable 
10 biodegradable microspheres are disclosed, for example, in U. S. Patent Nos. 4,897,268; 
5,075,109; 5,928,647; 5,811,128; 5,820,883; 5,853,763; 5,814,344 and 5,942,252. For 
certain topical applications, formulation as a cream or lotion, using well-known components, 
is preferred. 

[0101] Such compositions may also comprise buffers (e.g. , neutral buffered saline or phos- 
15 phate buffered saline), carbohydrates (e.g., glucose, mannose, sucrose or dextrans), mannitol, 
proteins, peptides or amino acids such as glycine, antioxidants, bacteriostats, chelating agents 
such as EDTA or glutathione, adjuvants (e.g., aluminum hydroxide), solutes that render the 
formulation isotonic, hypotonic or weakly hypertonic with the blood of a recipient, 
suspending agents, thickening agents and/or preservatives. Alternatively, compositions of the 
20 present invention may be formulated as a lyophilizate, or formulated with one or more 

liposomes, microspheres, nanoparticles, or micronized delivery systems using well-known 
technology. 

[0102] Any of a variety of immunostimulants, such as adjuvants, may be employed in the 
preparation of vaccine compositions of this invention. Most adjuvants contain a substance 

25 designed to protect the antigen from rapid catabolism, such as aluminum hydroxide or 

mineral oil, and a stimulator of immune responses, such as lipid A, Bortadella pertussis or 
Mycobacterium tuberculosis derived proteins. Suitable adjuvants are commercially available 
as, for example, alum-based adjuvants (e.g., Alhydrogel, Rehydragel, aluminum phosphate, 
Algammulin, aluminum hydroxide); oil based adjuvants (Freund's Incomplete Adjuvant and 

30 Complete Adjuvant (Difco Laboratories, Detroit, MI), Specol, RIB I, TiterMax, Montanide 
ISA50 or Seppic MONTANIDE ISA 720); nonionic block copolymer-based adjuvants, 
cytokines (e.g., GM-CSF or Flat3-ligand); Merck Adjuvant 65 (Merck and Company, Inc., 
Rahway, NJ); AS-2 (SmithKline Beecham, Philadelphia, PA); salts of calcium, iron or zinc; 
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an insoluble suspension of acylated tyrosine; acylated sugars; cationically or anionically 
derivatized polysaccharides; polyphosphazenes; biodegradable microspheres; 
monophosphoryl lipid A and Quil A. Cytokines, such as GM-CSF or interleukin-2, -7, or - 
12, may also be used as adjuvants. 
5 [0103] Hemocyanins and hemoerythrins may also be used in the invention. The use of 
hemocyanin from keyhole limpet (KLH) is particularly preferred, although other molluscan 
and arthropod hemocyanins and hemoerythrins may be employed. Various polysaccharide 
adjuvants may also be used. Polyamine varieties of polysaccharides are particularly 
preferred, such as chitin and chitosan, including deacetylated chitin. 
10 [0104] A further preferred group of adjuvants are the muramyl dipeptide (MDP, 

N-acetylmuramyl-L-alanyl-D-isoglutamine) group of bacterial peptidoglycans. Derivatives of 
muramyl dipeptide, such as the amino acid derivative threonyl-MDP, and the fatty acid 
derivative MTPPE, are also contemplated. 

[0105] U. S. Patent No. 4,950,645 describes a lipophilic disaccharide-tripeptide derivative 

15 of muramyl dipeptide that is proposed for use in artificial liposomes formed from 

phosphatidyl choline and phosphatidyl glycerol. It is said to be effective in activating human 
monocytes and destroying tumor cells, but is non-toxic in generally high doses. The 
compounds of U. S. Patent No. 4,950,645, and Intl. Pat. Appl. Publ. No. WO 91/16347 are 
also proposed for use in achieving particular aspects of the present invention. 

20 [0106] BCG and BCG-cell wall skeleton (CWS) may also be used as adjuvants in the 
invention, with or without trehalose dimycolate. Trehalose dimycolate may be used itself. 
Azuma et al (1988) show that trehalose dimycolate administration correlates with augmented 
resistance to influenza virus infection in mice. Trehalose dimycolate may be prepared as 
described inU. S. Patent No. 4,579,945. 

25 [0107] Amphipathic and surface-active agents, e.g., saponin and derivatives such as QS21 
(Cambridge Biotech), form yet another group of preferred adjuvants for use with the 
immunogens of the present invention. Nonionic block copolymer surfactants (Rabinovich et 
al, 1994; Hunter et a/., 1991) may also be employed. Oligonucleotides, as described by 
Yamamoto et al (1988) are another useful group of adjuvants. Quil A and lentinen are also 

30 preferred adjuvants. 

[0108] Superantigens are also contemplated for use as adjuvants in the present invention. 
"Superantigens" are generally bacterial products that stimulate a greater proportion of T 
lymphocytes than peptide antigens without a requirement for antigen processing (Mooney 
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et. al, 1994). Superantigens include Staphylococcus exoproteins, such as the a, p\ y and 8 
enterotoxins from S. aureus and S. epidermidis, and the a, 0, y and 8 E. coli exotoxins. 
[0109] Common Staphylococcus enterotoxins are known as staphylococcal enterotoxin A 
(SEA) and staphylococcal enterotoxin B (SEB), with enterotoxins through E (SEE) being 
described (Rott et. al, 1992). Streptococcus pyogenes B (SEB), Clostridium perfringens 
enterotoxin (Bowness et. al, 1992), cytoplasmic membrane-associated protein (CAP) from S. 
pyogenes (Sato et. al, 1994) and toxic shock syndrome toxin- 1 (TSST-1) from S. aureus 
(Schwab et. al, 1993) are further useful superantigens. 

[01 10] One group of adjuvants particularly preferred for use in the invention are the 
detoxified endotoxins, such as the refined detoxified endotoxin of U. S. Patent No. 4,866,034. 
These refined detoxified endotoxins are effective in producing adjuvant responses in 
mammals. 

(01 1 1 ] The detoxified endotoxins may be combined with other adjuvants. Combination of 
detoxified endotoxins with trehalose dimycolate is contemplated, as described in U. S. Patent 
No. 4,435,386. Combinations of detoxified endotoxins with trehalose dimycolate and 
endotoxic glycolipids is also contemplated (U. S. Patent No. 4,505,899), as is combination of 
detoxified endotoxins with cell wall skeleton (CWS) or CWS and trehalose dimycolate, as 
described in U. S. Patent Nos. 4,436,727, 4,436,728 and 4,505,900. Combinations of just 
CWS and trehalose dimycolate, without detoxified endotoxins are also envisioned to be 
useful, as described in U. S. Patent No. 4,520,019. 

[0112] MPL is currently one preferred immunopotentiating agent for use herein. 
References that concern the uses of MPL include Tomai et al (1987), Chen et al (1991) and 
Garg and Subbarao (1992), that each concern certain roles of MPL in the reactions of aging 
mice; Elliott et al. (1991), that concerns the D-galactosamine loaded mouse and its enhanced 
sensitivity to lipopolysaccharide and MPL; Chase et al. (1986), that relates to bacterial 
infections; and Masihi et al. (1988), that describes the effects of MPL and endotoxin on 
resistance of mice to Toxoplasma gondii. Fitzgerald (1991) also reported on the use of MPL 
to up-regulate the immunogenicty of a syphilis vaccine and to confer significant protection 
against challenge infection in rabbits. 

[0113] Baker et al. (1992) further analyzed the structural features that influence the ability 
of lipid A and its analogs to abolish expression of suppressor T cell activity. They reported 
that decreasing the number of phosphate groups in lipid A from two to one (i.e., creating 
monophosphoryl lipid A, MPL) as well as decreasing the fatty acyl content, primarily by 
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removing the residue at the 3 position, resulted in a progressive reduction in toxicity; 
however, these structural modifications did not influence its ability to abolish the expression 
of Ts function (Baker et aL> 1992). These types of MPL are ideal for use in the present 
invention. 

5 [0114] In a generally related line of work, Tanamoto et ah (1994a;b; 1995) described the 
dissociation of endotoxic activities in a chemically synthesized Lipid A precursor after 
acetylation or succinylation. Thus, compounds such as "acetyl 406" and "succinyl 516" 
(Tanamoto et al., 1994a;b; 1995) are also contemplated for use in the invention. 
[0115] Synthetic MPLs form a particularly preferred group of adjuvants. For example, 
10 Brade et al. (1993) described an artificial glycoconjugate containing the bisphosphorylated 
glucosamine disaccharide backbone of lipid A that binds to anti-Lipid A MAbs. This is one 
candidate for use in certain aspects of the invention. 

[0116] The MPL derivatives described in U. S. Patent No. 4,987,237 are particularly 
contemplated for use in the present invention. U. S. Patent No. 4,987,237 describes MPL 

15 derivatives that contain one or more free groups, such as amines, on a side chain attached to 
the primary hydroxyl groups of the monophosphoryl lipid A nucleus through an ester group. 
The derivatives provide a convenient method for coupling the lipid A through coupling 
agents to various biologically active materials. The immunostimulant properties of lipid A 
are maintained. All MPL derivatives in accordance with U. S. Patent No. 4,987,237 are 

20 envisioned for use in the MPL adjuvant-incorporated cells of this invention. 

[0117] Various adjuvants, even those that are not commonly used in humans, may still be 
employed in animals, where, for example, one desires to raise antibodies or to subsequently 
obtain activated T cells. The toxicity or other adverse effects that may result from either the 
adjuvant or the cells, e.g., as may occur using non-irradiated tumor cells, is irrelevant in such 

25 circumstances. 

[0118] Within the vaccines provided herein, the adjuvant composition is preferably 
designed to induce an immune response predominantly of the Thl type. High levels of Thl - 
type cytokines (e.g., IFN-y, TNFa, IL-2 and IL-12) tend to favor the induction of cell- 
mediated immune responses to an administered antigen. In contrast, high levels of Th2-type 
30 cytokines (e.g., EL-4, IL-5, IL-6 and IL-10) tend to favor the induction of humoral immune 
responses. Following application of a vaccine as provided herein, a patient will support an 
immune response that includes Thl- and Th2-type responses. Within a preferred 
embodiment, in which a response is predominantly Thl-type, the level of Thl-type cytokines 
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will increase to a greater extent than the level of Th2-type cytokines. The levels of these 
cytokines may be readily assessed using standard assays. For a review of the families of 
cytokines see e.g., Mosmann and Coffman (1989). 

[0119] Preferred adjuvants for use in eliciting a predominantly Thl-type response include, 
5 for example, a combination of monophosphoryl lipid A, preferably 3-de-O-acylated mono- 
phosphoryl lipid A (3D-MPL), together with an aluminum salt. MPL adjuvants are available 
from Corixa Corporation (Seattle, WA; see e.g., U. S. Patent Nos. 4,436,727; 4,877,61 1; 
4,866,034 and 4,912,094, each of which is specifically incorporated herein by reference in its 
entirety). CpG-containing oligonucleotides (in which the CpG dinucleotide is unmethylated) 

10 also induce a predominantly Thl response. Such oligonucleotides are well known and are 
described, for example, in Intl. Pat. Appl. Publ. No. WO 96/02555 and Intl. Pat. Appl. Publ. 
No. WO 99/33488. Immunostimulatory DNA sequences are also described, for example, by 
Sato et ah (1996). Another preferred adjuvant is a saponin, preferably QS21 (Aquila 
Biopharmaceuticals Inc., Framingham, MA), which may be used alone or in combination 

15 with other adjuvants. For example, an enhanced system involves the combination of a 

monophosphoryl lipid A and saponin derivative, such as the combination of QS21 and 3D- 
MPL (see e.g., Intl. Pat. Appl. Publ. No. WO 94/00153), or a less reactogenic composition 
where the QS21 is quenched with cholesterol (see e.g., Intl. Pat. Appl. Publ. No. 
WO 96/33739). Other preferred formulations comprise an oil-in-water emulsion and 

20 tocopherol. A particularly potent adjuvant formulation involving QS21, 3D-MPL and 

tocopherol in an oil-in-water emulsion has also been described (see e.g., Intl. Pat. Appl. Publ. 
No. WO 95/17210). 

[0120] Other preferred adjuvants include Montanide ISA 720 (Seppic), SAF (Chiron), 
ISCOMS (CSL), MF-59 (Chiron), Detox (Corixa Corporation), RC-529 (Corixa Corporation) 

25 and aminoalkyl glucosaminide 4-phosphates (AGPs). 

[0121] Any vaccine provided herein may be prepared using well-known methods that result 
in a combination of one or more antigens, one or more immunostimulants or adjuvants and 
one or more suitable carriers, excipients, or pharmaceutically acceptable buffers. The 
compositions described herein may be administered as part of a sustained release formulation 

30 (i.e. f a formulation such as a capsule, sponge or gel [composed of polysaccharides, for 

example] that effects a slow release of compound following administration). Such formula- 
tions may generally be prepared using well-known technology (Coombes et al y 1996) and 
administered by, for example, oral, rectal or subcutaneous implantation, or by implantation at 
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the desired target site. Sustained-release formulations may contain a peptide, polynucleotide 
or antibody dispersed in a carrier matrix and/or contained within a reservoir surrounded by a 
rate-controlling membrane. 

[0122] Carriers for use within such formulations are preferably biocompatible, and may 
5 also be biodegradable; preferably the formulation provides a relatively constant level of 

active component release. Such carriers include microparticles of poly(lactide-co-glycolide), 
as well as polyacrylate, latex, starch, cellulose and dextran. Other delayed-release carriers 
include supramolecular biovectors, which comprise a non-liquid hydrophilic core (e.g., a 
cross-linked polysaccharide or oligosaccharide) and, optionally, an external layer comprising 

10 an amphiphilic compound, such as a phospholipid (U. S. Patent No. 5,151,254; Intl. Pat. 

Appl. Publ. No. WO 94/20078; Intl. Pat. Appl. Publ. No. WO/94/23701; and Intl. Pat. Appl. 
Publ. No. WO 96/06638). The amount of active compound contained within a sustained 
release formulation depends upon the site of implantation, the rate and expected duration of 
release and the nature of the condition to be treated or prevented. 

15 [0123] Combined therapeutics is also contemplated, and the same type of underlying 

pharmaceutical compositions may be employed for both single and combined medicaments. 
Vaccines and pharmaceutical compositions may be presented in unit-dose or multi-dose 
containers, such as sealed ampoules or vials. Such containers are preferably hermetically 
sealed to preserve sterility of the formulation until use. In general, formulations may be 

20 stored as suspensions, solutions or emulsions in oily or aqueous vehicles. Alternatively, a 
vaccine or pharmaceutical composition may be stored in a freeze-dried condition requiring 
only the addition of a sterile liquid carrier immediately prior to use. 

VI. Administration of Pharmaceutical Compositions Comprising the Expression 
Vector 

25 [0124] In some embodiments, the pharmaceutical compositions comprising the expression 
vectors disclosed herein may be delivered to an individual with cancer, typically a mammal 
e.g., a human, a chimpanzee, a canine, or a feline. 
A* Oral Delivery 

[0125] In certain applications, the pharmaceutical compositions comprising the expression 
30 vectors disclosed herein may be delivered via oral administration to the individual. As such, 
these compositions may be formulated with an inert diluent or with an assimilable edible 
carrier, or they may be enclosed in hard- or soft-shell gelatin capsule, or they may be 
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compressed into tablets, or they may be incorporated directly with the food of the diet. 
[0126] The active compounds may even be incorporated with excipients and used in the 
form of ingestible tablets, buccal tables, troches, capsules, elixirs, suspensions, syrups, 
wafers, and the like (Mathiowitz et al. 9 1997; Hwang et ai, 1998; U. S. Patent 5,641,515; U. 
5 S. Patent 5,580,579 and U. S. Patent 5,792,451). The tablets, troches, pills, capsules and the 
like may also contain the following: a binder, as gum tragacanth, acacia, cornstarch, or 
gelatin; excipients, such as dicalcium phosphate; a disintegrating agent, such as corn starch, 
potato starch, alginic acid and the like; a lubricant, such as magnesium stearate; and a 
sweetening agent, such as sucrose, lactose or saccharin may be added or a flavoring agent, 

10 such as peppermint, oil of wintergreen, or cherry flavoring. When the dosage unit form is a 
capsule, it may contain, in addition to materials of the above type, a liquid carrier. Various 
other materials may be present as coatings or to otherwise modify the physical form of the 
dosage unit. For instance, tablets, pills, or capsules may be coated with shellac, sugar, or 
both. A syrup of elixir may contain the active compound sucrose as a sweetening agent 

15 methyl and propylparabens as preservatives, a dye and flavoring, such as cherry or orange 
flavor. Of course, any material used in preparing any dosage unit form should be 
pharmaceutically pure and substantially non-toxic in the amounts employed. In addition, the 
active compounds may be incorporated into sustained-release preparation and formulations. 
[0127] Typically, these formulations may contain at least about 0. 1% of the active 

20 compound or more, although the percentage of the active ingredient(s) may, of course, be 

varied and may conveniently be between about 1 or 2% and about 60% or 70% or more of the 
weight or volume of the total formulation. Naturally, the amount of active compound(s) in 
each therapeutically useful composition may be prepared is such a way that a suitable dosage 
will be obtained in any given unit dose of the compound. Factors such as solubility, 

25 bioavailability, biological half-life, route of administration, product shelf life, as well as other 
pharmacological considerations will be contemplated by one skilled in the art of preparing 
such pharmaceutical formulations, and as such, a variety of dosages and treatment regimens 
may be desirable. 

[0128] For oral administration the compositions of the present invention may alternatively 
30 be incorporated with one or more excipients in the form of a mouthwash, dentifrice, buccal 
tablet, oral spray, or sublingual orally-administered formulation. For example, a mouthwash 
may be prepared incorporating the active ingredient in the required amount in an appropriate 
solvent, such as a sodium borate solution (DobelFs Solution). Alternatively, the active 
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ingredient may be incorporated into an oral solution such as one containing sodium borate, 
glycerin and potassium bicarbonate, or dispersed in a dentifrice, or added in a therapeutically- 
effective amount to a composition that may include water, binders, abrasives, flavoring 
agents, foaming agents, and humectants. Alternatively the compositions may be fashioned 
5 into a tablet or solution form that may be placed under the tongue or otherwise dissolved in 
the mouth. 

B. Injectable Delivery 
[0129] In certain circumstances it will be desirable to deliver the pharmaceutical 
compositions disclosed herein parenterally, intravenously, intramuscularly, or even 

10 intraperitoneally as described in U. S. Patent 5,543,158; IL S. Patent 5,641,515 and U. S. 
Patent 5,399,363. Solutions of the active compounds as free base or pharmacologically 
acceptable salts may be prepared in water suitably mixed with a surfactant, such as 
hydroxypropylcellulose. Dispersions may also be prepared in glycerol, liquid polyethylene 
glycols, and mixtures thereof and in oils. Under ordinary conditions of storage and use, these 

15 preparations contain a preservative to prevent the growth of microorganisms. 

[0130] The pharmaceutical forms suitable for injectable use include sterile aqueous 
solutions or dispersions and sterile powders for the extemporaneous preparation of sterile 
injectable solutions or dispersions (U. S. Patent 5,466,468). In all cases the form must be 
sterile and must be fluid to the extent that easy syringability exists. It must be stable under 

20 the conditions of manufacture and storage and must be preserved against the contaminating 
action of microorganisms, such as bacteria and fungi. The carrier can be a solvent or 
dispersion medium containing, for example, water, ethanol, polyol (e.g., glycerol, propylene 
glycol, and liquid polyethylene glycol, and the like), suitable mixtures thereof, and/or 
vegetable oils. Proper fluidity may be maintained, for example, by the use of a coating, such 

25 as lecithin, by the maintenance of the required particle size in the case of dispersion and by 
the use of surfactants. The prevention of the action of microorganisms can be facilitated by 
various antibacterial and antifungal agents, for example, parabens, chlorobutanol, phenol, 
sorbic acid, thimerosal, and the like. In many cases, it will be preferable to include isotonic 
agents, for example, sugars or sodium chloride. Prolonged absorption of the injectable 

30 compositions can be brought about by the use in the compositions of agents delaying 
absorption, for example, aluminum monostearate and gelatin. 

[0131 J For parenteral administration in an aqueous solution, for example, the solution 
should be suitably buffered if necessary and the liquid diluent first rendered isotonic with 
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sufficient saline or glucose. These particular aqueous solutions are especially suitable for 
intravenous, intramuscular, subcutaneous and intraperitoneal administration. In this 
connection, a sterile aqueous medium that can be employed will be known to those of skill in 
the art in light of the present disclosure. For example, one dosage may be dissolved in 1 ml 
5 of isotonic NaCl solution and either added to 1000 ml of hypodermoclysis fluid or injected at 
the proposed site of infusion {see, e.g., Remington s Pharmaceutical Sciences, 15th Edition, 
pp. 1035-1038 and 1570-1580). Some variation in dosage will necessarily occur depending 
on the condition of the subject being treated. The person responsible for administration will, 
in any event, determine the appropriate dose for the individual subject. Moreover, for human 
10 administration, preparations should meet sterility, pyrogenicity, and the general safety and 
purity standards as required by FDA Office of Biologies standards. 

[01321 Sterile injectable solutions are prepared by incorporating the active compounds in 
the required amount in the appropriate solvent with various of the other ingredients 
enumerated above, as required, followed by filtered sterilization. Generally, dispersions are 

15 prepared by incorporating the various sterilized active ingredients into a sterile vehicle which 
contains the basic dispersion medium and the required other ingredients from those 
enumerated above. In the case of sterile powders for the preparation of sterile injectable 
solutions, the preferred methods of preparation are vacuum-drying and freeze-drying 
techniques which yield a powder of the active ingredient plus any additional desired 

20 ingredient from a previously sterile-filtered solution thereof. 

[0133] The compositions disclosed herein may be formulated in a neutral or salt form. 
Pharmaceutically-acceptable salts, include the acid addition salts (formed with the free amino 
groups of the protein) and which are formed with inorganic acids such as, for example, 
hydrochloric or phosphoric acids, or such organic acids as acetic, oxalic, tartaric, mandelic, 

25 and the like. Salts formed with the free carboxyl groups can also be derived from inorganic 
bases such as, for example, sodium, potassium, ammonium, calcium, or ferric hydroxides, 
and such organic bases as isopropylamine, trimethylamine, histidine, procaine and the like. 
Upon formulation, solutions will be administered in a manner compatible with the dosage 
formulation and in such amount as is therapeutically effective. The formulations are easily 

30 administered in a variety of dosage forms such as injectable solutions, drug-release capsules, 
and the like. 

[0134] As used herein, "carrier" includes any and all solvents, dispersion media, vehicles, 
coatings, diluents, antibacterial and antifungal agents, isotonic and absorption delaying 



WO 2005/002509 PCT/US2004/0 18529 

38 

agents, buffers, carrier solutions, suspensions, colloids, and the like. The use of such media 
and agents for pharmaceutical active substances is well known in the art. Except insofar as 
any conventional media or agent is incompatible with the active ingredient, its use in the 
therapeutic compositions is contemplated. Supplementary active ingredients can also be 
incorporated into the compositions. 

[0135] The phrase "pharmaceutically-acceptable" refers to molecular entities and 
compositions that do not produce an allergic or similar untoward reaction when administered 
to a human. The preparation of an aqueous composition that contains a protein as an active 
ingredient is well understood in the art. Typically, such compositions are prepared as 
injectables, either as liquid solutions or suspensions; solid forms suitable for solution in, or 
suspension in, liquid prior to injection can also be prepared. The preparation can also be 
emulsified. 

C. Nasal Delivery 

[01361 In certain embodiments, the pharmaceutical compositions may be delivered by 
intranasal sprays, inhalation, and/or other aerosol delivery vehicles. Methods for delivering 
genes, nucleic acids, and peptide compositions directly to the lungs via nasal aerosol sprays 
has been described e.g., in U. S. Patent 5,756,353 and U. S. Patent 5,804,212. Likewise, the 
delivery of drugs using intranasal microparticle resins (Takenaga et al 9 1998) and 
lysophosphatidyl-glycerol compounds (U. S. Patent 5,725,871) are also well-known in the 
pharmaceutical arts. Likewise, transmucosal drug delivery in the form of a 
polytetrafluoroetheylene support matrix is described inU. S. Patent 5,780,045. 

D. Liposome-, Nanocapsule-, And Microparticle-Mediated Delivery 
[0137] In certain embodiments, the inventors contemplate the use of liposomes, 
nanocapsules, microparticles, microspheres, lipid particles, vesicles, and the like, for the 
introduction of the compositions of the present invention into suitable host cells. In 
particular, the compositions of the present invention may be formulated for delivery either 
encapsulated in a lipid particle, a liposome, a vesicle, a nanosphere, or a nanoparticle or the 
like. 

[0138] Such formulations may be preferred for the introduction of pharmaceutically- 
acceptable formulations of the nucleic acids or constructs disclosed herein. The formation 
and use of liposomes is generally known to those of skill in the art (see for example, 
Couvreur et al 9 1977; Couvreur, 1988; Lasic, 1998; which describes the use of liposomes and 
nanocapsules in the targeted antibiotic therapy for intracellular bacterial infections and 
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diseases). Recently, liposomes were developed with improved serum stability and circulation 
half-times (Gabizon & Papahadjopoulos, 1988; Allen and Choun, 1987; U. S. Patent 
5,741,516). Further, various methods of liposome and liposome like preparations as potential 
drug carriers have been reviewed (Takakura, 1998; Chandran et al, 1997; Margalit, 1995; U. 
S. Patent 5,567,434; U. S. Patent 5,552,157; U. S. Patent 5,565,213; U. S. Patent 5,738,868 
andU. S. Patent 5,795,587). 

[0139] Liposomes have been used successfully with a number of cell types that are 
normally resistant to transfection by other procedures including T cell suspensions, primary 
hepatocyte cultures and PC 12 cells (Renneisen et al, 1990; Muller et al, 1990). In addition, 
liposomes are free of the DNA length constraints that are typical of viral-based delivery 
systems. Liposomes have been used effectively to introduce genes, drugs (Heath & Martin, 
1986; Heath era/., 1986; Balazsovits et al, 1989; Fresta & Puglisi, 1996), radiotherapeutic 
agents (Pikul et al, 1987), enzymes (Imaizumi et al, 1990a; Imaizumi et al, 1990b), viruses 
(Faller & Baltimore, 1984), transcription factors and allosteric effectors (Nicolau & 
Gersonde, 1979) into a variety of cultured cell lines and animals. In addition, several 
successful clinical trails examining the effectiveness of liposome-mediated drug delivery 
have been completed (Lopez-Berestein et al, 1985a; 1985b; Coune, 1988; Soulier et al, 
1988). Furthermore, several studies suggest that the use of liposomes is not associated with 
autoimmune responses, toxicity or gonadal localization after systemic delivery (Mori & 
Fukatsu, 1992). 

[0140] Liposomes are formed from phospholipids that are dispersed in an aqueous medium 
and spontaneously form multilamellar concentric bilayer vesicles (also termed multilamellar 
vesicles (MLVs). MLVs generally have diameters of from 25 run to 4 um. Sonication of 
MLVs results in the formation of small unilamellar vesicles (SUVs) with diameters in the 
range of 200 to 500 A, containing an aqueous solution in the core. 

[0141] Liposomes bear resemblance to cellular membranes and are contemplated for use in 
connection with the present invention as carriers for the peptide compositions. They are 
widely suitable as both water- and lipid-soluble substances can be entrapped, i.e. in the 
aqueous spaces and within the bilayer itself, respectively. It is possible that the drug-bearing 
liposomes may even be employed for site-specific delivery of active agents by selectively 
modifying the liposomal formulation. 

[0142] In addition to the teachings of Couvreur et al. (1977; 1988), the following 
information may be utilized in generating liposomal formulations. Phospholipids can form a 
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variety of structures other than liposomes when dispersed in water, depending on the molar 
ratio of lipid to water. At low ratios the liposome is the preferred structure. The physical 
characteristics of liposomes depend on pH, ionic strength and the presence of divalent 
cations. Liposomes can show low permeability to ionic and polar substances, but at elevated 
5 temperatures undergo a phase transition which markedly alters their permeability. The phase 
transition involves a change from a closely packed, ordered structure, known as the gel state, 
to a loosely packed, less-ordered structure, known as the fluid state. This occurs at a 
characteristic phase-transition temperature and results in an increase in permeability to ions, 
sugars and drugs. 

10 [0143] In addition to temperature, exposure to proteins can alter the permeability of 

liposomes. Certain soluble proteins, such as cytochrome c, bind, deform and penetrate the 
bilayer, thereby causing changes in permeability. Cholesterol inhibits this penetration of 
proteins, apparently by packing the phospholipids more tightly. It is contemplated that the 
most useful liposome formations for antibiotic and inhibitor delivery will contain cholesterol. 

15 [0144] The ability to trap solutes varies between different types of liposomes. For 
example, MLVs are moderately efficient at trapping solutes, but SUVs are extremely 
inefficient. SUVs offer the advantage of homogeneity and reproducibility in size distribution, 
however, and a compromise between size and trapping efficiency is offered by large 
unilamellar vesicles (LUVs). These are prepared by ether evaporation and are three to four 

20 times more efficient at solute entrapment than MLVs. 

[0145] In addition to liposome characteristics, an important determinant in entrapping 
compounds is the physicochemical properties of the compound itself. Polar compounds are 
trapped in the aqueous spaces and nonpolar compounds bind to the lipid bilayer of the 
vesicle. Polar compounds are released through permeation or when the bilayer is broken, but 

25 nonpolar compounds remain affiliated with the bilayer unless it is disrupted by temperature 
or exposure to lipoproteins. Both types show maximum efflux rates at the phase transition 
temperature. 

[0146] Liposomes interact with cells via four different mechanisms: endocytosis by 
phagocytic cells of the reticuloendothelial system such as macrophages and neutrophils; 
30 adsorption to the cell surface, either by nonspecific weak hydrophobic or electrostatic forces, 
or by specific interactions with cell-surface components; fusion with the plasma cell 
membrane by insertion of the lipid bilayer of the liposome into the plasma membrane, with 
simultaneous release of liposomal contents into the cytoplasm; and by transfer of liposomal 
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lipids to cellular or subcellular membranes, or vice versa, without any association of the 
liposome contents. It often is difficult to determine which mechanism is operative and more 
than one may operate at the same time. 

[0147] The fate and disposition of intravenously injected liposomes depend on their 
5 physical properties, such as size, fluidity, and surface charge. They may persist in tissues for 
h or days, depending on their composition, and half lives in the blood range from min to 
several h. Larger liposomes, such as MLVs and LUVs, are taken up rapidly by phagocytic 
cells of the reticuloendothelial system, but physiology of the circulatory system restrains the 
exit of such large species at most sites. They can exit only in places where large openings or 

10 pores exist in the capillary endothelium, such as the sinusoids of the liver or spleen. Thus, 
these organs are the predominate site of uptake. On the other hand, SUVs show a broader 
tissue distribution but still are sequestered highly in the liver and spleen. In general, this in 
vivo behavior limits the potential targeting of liposomes to only those organs and tissues 
accessible to their large size. These include the blood, liver, spleen, bone marrow, and 

1 5 lymphoid organs. 

[0148] Targeting is generally not a limitation in terms of the present invention. However, 
should specific targeting be desired, methods are available for this to be accomplished. 
Antibodies may be used to bind to the liposome surface and to direct the antibody and its 
drug contents to specific antigenic receptors located on a particular cell-type surface. 

20 Carbohydrate determinants (glycoprotein or glycolipid cell-surface components that play a 

role in cell-cell recognition, interaction and adhesion) may also be used as recognition sites as 
they have potential in directing liposomes to particular cell types. Mostly, it is contemplated 
that intravenous injection of liposomal preparations would be used, but other routes of 
administration are also conceivable. 

25 [0149] Alternatively, the invention provides for pharmaceutically-acceptable nanocapsule 
formulations of the compositions of the present invention. Nanocapsules can generally 
entrap compounds in a stable and reproducible way (Henry-Michelland et al, 1987; 
Quintanar-Guerrero et al, 1998; Douglas et al, 1987). To avoid side effects due to 
intracellular polymeric overloading, such ultrafine particles (sized around 0.1 \xm) should be 

30 designed using polymers able to be degraded in vivo. Biodegradable polyalkyl-cyanoacrylate 
nanoparticles that meet these requirements are contemplated for use in the present invention. 
Such particles may be are easily made, as described (Couvreur et al, 1980; 1988; zur Muhlen 
et al, 1998; Zambaux et al 1998; Pinto-Alphandry et al, 1995 and U. S. Patent 5,145,684). 
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VII. Binding Agents 

[0150] The present invention further provides agents, such as antibodies and antigen-binding 
fragments thereof, that specifically bind to a cancer antigen or oncogene encoded by the 
heterologous nucleic acid in the expression vector of the invention. As used herein, an 
5 antibody, or antigen-binding fragment thereof, is said to "specifically bind" to a protein if it 
reacts at a detectable level, i.e. 9 at least two fold over background signal (within, for example, 
an ELISA) with the protein (i.e., cancer antigen or oncogene), and does not react detectably 
with unrelated proteins under similar conditions. As used herein, "binding" refers to a 
noncovalent association between two separate molecules such that a complex is formed. The 

10 ability to bind may be evaluated by, for example, determining a binding constant for the 

formation of the complex. The binding constant is the value obtained when the concentration 
of the complex is divided by the product of the component concentrations. In general, two 
compounds are said to "bind," in the context of the present invention, when the binding 
constant for complex formation exceeds about 10 3 1/mol. The binding constant maybe 

15 determined using methods well known in the art. 

[0151] Binding agents may be further capable of differentiating between patients with and 
without a cancer, such as breast, ovarian, colon, lung or prostate cancer, using the 
representative assays provided herein. In other words, antibodies or other binding agents that 
bind to a particular protein (i.e., cancer antigen) will generate a signal indicating the presence 

20 of a cancer in at least about 20% of patients with the disease, and will generate a negative 
signal indicating the absence of the disease in at least about 90% of individuals without the 
cancer. To determine whether a binding agent satisfies this requirement, biological samples 
(e.g., blood, sera, plasma, urine and/or tumor biopsies) from patients with and without a 
cancer (as determined using standard clinical tests) may be assayed as described herein for 

25 the presence of polypeptides that bind to the binding agent. It will be apparent that a 

statistically significant number of samples with and without the disease should be assayed. 
Each binding agent should satisfy the above criteria; however, those of ordinary skill in the 
art will recognize that binding agents may be used in combination to improve sensitivity. 
[0152] Any agent that satisfies the above requirements may be a binding agent. For example, 

30 a binding agent may be a ribosome, with or without a peptide component, an RNA molecule 
or a polypeptide. In a preferred embodiment, a binding agent is an antibody or an antigen- 
binding fragment thereof. Antibodies may be prepared by any of a variety of techniques 

4-~ 4.1. _ X" j: *— . L t ' TT 1 IT * ». J 



WO 2005/002509 PCT/US2004/0 18529 

43 

Laboratory Manual, Cold Spring Harbor Laboratory (1988)). In general, antibodies can be 
produced by cell culture techniques, including the generation of monoclonal antibodies as 
described herein, or via transfection of antibody genes into suitable bacterial or mammalian 
cell hosts, in order to allow for the production of recombinant antibodies. In one technique, 
an immunogen comprising, e.g., a fusion polypeptide or the sequence corresponding to the 
junction between the individual polypeptides of a proteins, polypeptides, or fusion proteins of 
interest (referred to as "junction region"), is initially injected into any of a wide variety of 
mammals {e.g., mice, rats, rabbits, sheep or goats). In this step, the proteins, polypeptides, or 
fusion proteins of interest or the junction region of the proteins, polypeptides, or fusion 
proteins of the invention may serve as the immunogen without modification. Alternatively, 
particularly for relatively short sequences, a superior immune response may be elicited if the 
sequence is joined to a carrier protein, such as bovine serum albumin or keyhole limpet 
hemocyanin. The immunogen is injected into the animal host, preferably according to a 
predetermined schedule incorporating one or more booster immunizations, and the animals 
are bled periodically. Polyclonal antibodies specific for the fusion polypeptide may then be 
purified from such antisera by, for example, affinity chromatography using the fusion 
polypeptide coupled to a suitable solid support. 

[0153] Polyclonal antibodies raised to a proteins, polypeptides, or fusion proteins of the 
invention can be selected to obtain only those polyclonal antibodies that are specifically 
immunoreactive with the proteins, polypeptides, or fusion proteins of interest and not with 
the individual polypeptide components of the proteins, polypeptides, or fusion proteins. This 
selection may be achieved by subtracting out antibodies that cross-react with the individual 
polypeptide components of the proteins, polypeptides, or fusion proteins of interest. 
[0154] Alternatively, antibodies that recognize each or all of the individual polypeptide 
components of a proteins, polypeptides, or fusion proteins may be useful in the context of the 
present invention. 

[0155] Monoclonal antibodies specific for an immunogenic fusion polypeptide of interest 
may be prepared, for example, using the technique of Kohler and Milstein (1976) Eur. J. 
Immunol 6:51 1-519, and improvements thereto. Briefly, these methods involve the 
preparation of immortal cell lines capable of producing antibodies having the desired 
specificity (i.e., reactivity with the fusion polypeptide of interest). Such cell lines may be 
produced, e.g., from spleen cells obtained from an animal immunized as described above. 
The spleen cells are then immortalized by, e.g., fusion with a myeloma cell fusion partner, 
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preferably one that is syngeneic with the immunized animal. A variety of fusion techniques 
may be employed. For example, the spleen cells and myeloma cells may be combined with a 
nonionic detergent for a few minutes and then plated at low density on a selective medium 
that supports the growth of hybrid cells, but not myeloma cells. A preferred selection 
5 technique uses HAT (hypoxanthine, aminopterin, thymidine) selection. After a sufficient 
time, usually about 1 to 2 weeks, colonies of hybrids are observed. Single colonies are 
selected and their culture supernatants tested for binding activity against the fusion 
polypeptide. Hybridomas having high reactivity and specificity are preferred. 
[0156] Monoclonal antibodies may be isolated from the supernatants of growing hybridoma 

10 colonies. In addition, various techniques may be employed to enhance the yield, such as 
injection of the hybridoma cell line into the peritoneal cavity of a suitable vertebrate host, 
such as a mouse. Monoclonal antibodies may then be harvested from the ascites fluid or the 
blood. Contaminants may be removed from the antibodies by conventional techniques, such 
as chromatography, gel filtration, precipitation, and extraction. The fusion polypeptides of 

1 5 this invention may be used in the purification process in, for example, an affinity 
chromatography step. 

[0157] Within certain embodiments, the use of antigen-binding fragments of antibodies may 
be preferred. Such fragments include Fab fragments, which may be prepared using standard 
techniques. Briefly, immunoglobulins may be purified from rabbit serum by affinity 
20 chromatography on Protein A bead columns (Harlow and Lane, supra) and digested by 
papain to yield Fab and Fc fragments. The Fab and Fc fragments may be separated by 
affinity chromatography on protein A bead columns. 

[0158] Monoclonal antibodies of the present invention may be coupled to one or more 
therapeutic agents. Suitable agents in this regard include radionuclides, differentiation 

25 inducers, drugs, toxins, and derivatives thereof. Preferred radionuclides include ^Y, 123 I, 125 I, 
13, I, l86 Re, 188 Re, 211 At, and 212 Bi. Preferred drugs include methotrexate, and pyrimidine and 
purine analogs. Preferred differentiation inducers include phorbol esters and butyric acid. 
Preferred toxins include ricin, abrin, Diptheria toxin, cholera toxin, gelonin, Pseudomonas 
exotoxin, Shigella toxin, and pokeweed antiviral protein. 

30 [0159] A therapeutic agent may be coupled {e.g., covalently bonded) to a suitable monoclonal 
antibody either directly or indirectly {e.g., via a linker group). A direct reaction between an 
agent and an antibody is possible when each possesses a substituent capable of reacting with 
the other. For example, a nucleophilic group, such as an amino or sulfhydryl group, on one 
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may be capable of reacting with a carbonyl-containing group, such as an anhydride or an acid 
halide, or with an alkyl group containing a good leaving group (e.g., a halide) on the other. 
[0160] Alternatively, it may be desirable to couple a therapeutic agent and an antibody via a 
linker group. A linker group can function as a spacer to distance an antibody from an agent 
in order to avoid interference with binding capabilities. A linker group can also serve to 
increase the chemical reactivity of a substituent on an agent or an antibody, and thus increase 
the coupling efficiency. An increase in chemical reactivity may also facilitate the use of 
agents, or functional groups on agents, which otherwise would not be possible. 
[0161] It will be evident to those skilled in the art that a variety of bifunctional or 
polyfunctional reagents, both homo- and hetero-functional (such as those described in the 
catalog of the Pierce Chemical Co., Rockford, IL), may be employed as the linker group. 
Coupling may be effected, for example, through amino groups, carboxyl groups, sulfhydryl 
groups or oxidized carbohydrate residues. There are numerous references describing such 
methodology, including, e.g., U.S. Patent No. 4,671,958. 

[0162] Where a therapeutic agent is more potent when free from the antibody portion of the 
immunoconjugates of the present invention, it may be desirable to use a linker group which is 
cleavable during or upon internalization into a cell. A number of different cleavable linker 
groups have been described. The mechanisms for the intracellular release of an agent from 
these linker groups include cleavage by reduction of a disulfide bond (e.g., U.S. Patent No. 
4,489,710), by irradiation of a photolabile bond (e.g., U.S. Patent No. 4,625,014), by 
hydrolysis of derivatized amino acid side chains (e.g., U.S. Patent No. 4,638,045), by serum 
complement-mediated hydrolysis (e.g., U.S. Patent No. 4,671,958), and by acid-catalyzed 
hydrolysis (e.g. , U.S. Patent No. 4,569,789). 

[0163] It may be desirable to couple more than one agent to an antibody. In one 
embodiment, multiple molecules of an agent are coupled to one antibody molecule. In 
another embodiment, more than one type of agent may be coupled to one antibody. 
Regardless of the particular embodiment, immunoconjugates with more than one agent may 
be prepared in a variety of ways. For example, more than one agent may be coupled directly 
to an antibody molecule, or linkers that provide multiple sites for attachment can be used. 
Alternatively, a carrier can be used. 

[0164] A carrier may bear the agents in a variety of ways, including covalent bonding either 
directly or via a linker group. Suitable carriers include proteins such as, e.g., albumins (e.g., 
US. Patent No. 4,507,234), peptides and polysaccharides such as, e.g., aminodextran (e.g., 
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U.S. Patent No. 4,699,784). A carrier may also bear an agent by noncovalent bonding or by 
encapsulation, such as within a liposome vesicle (e.g., U.S. Patent Nos. 4,429,008 and 
4,873,088). Carriers specific for radionuclide agents include radiohalogenated small 
molecules and chelating compounds. For example, U.S. Patent No. 4,735,792 discloses 
5 representative radiohalogenated small molecules and their synthesis. A radionuclide chelate 
may be formed from chelating compounds that include those containing nitrogen and sulfur 
atoms as the donor atoms for binding the metal, or metal oxide, radionuclide. For example, 
U.S. Patent No. 4,673,562 discloses representative chelating compounds and their synthesis. 
[0165] A variety of routes of administration for the antibodies and immunoconjugates may be 
10 used. Typically, administration will be intravenous, intramuscular, subcutaneous or in the 
bed of a resected tumor. It will be evident that the precise dose of the 

antibody/immunoconjugate will vary depending upon the antibody used, the antigen density 
on the tumor, and the rate of clearance of the antibody. * 

VIII. T Cells 

15 [0166] hnmunotherapeutic compositions may also, or alternatively, comprise T cells specific 
for a proteins, polypeptides, or fusion proteins of the present invention. Such cells may 
generally be prepared in vitro or ex vivo, using standard procedures. For example, T cells 
may be isolated from bone marrow, peripheral blood or a fraction of bone marrow or 
peripheral blood of a patient, using a commercially available cell separation system (see also, 

20 U.S. Patent Nos. 5,240,856 and 5,215,926; WO 89/06280; WO 91/16116 and WO 92/07243). 
Alternatively, T cells may be derived from related or unrelated humans, non-human 
mammals, cell lines or cultures. 

[0167] T cells may be stimulated with a cancer antigen or oncogene, a polynucleotide 
encoding a cancer antigen or oncogene and/or an antigen presenting cell (APC) that expresses 
25 such a polypeptide. Such stimulation is performed under conditions and for a time sufficient 
to permit the generation of T cells that are specific for the fusion polypeptide. Preferably, the 
polypeptide or polynucleotide is present within a delivery vehicle, such as a microsphere, to 
facilitate the generation of specific T cells. 

[0168] T cells are considered to be specific for a particular polypeptide if the T cells kill 
30 target cells coated with the polypeptide or expressing a polynucleotide encoding the fusion 
polypeptide. T cell specificity may be evaluated using any of a variety of standard 
techniques. For example, within a chromium release assay or proliferation assay, a 
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stimulation index of more than two fold increase in lysis and/or proliferation, compared to 
negative controls, indicates T cell specificity. Such assays may be performed, for example, 
as described in Chen et al (1994) Cancer Res. 54:1065-1070. Alternatively, detection of the 
proliferation of T cells may be accomplished by a variety of known techniques. For example, 
T cell proliferation can be detected by measuring an increased rate of DNA synthesis (e.g., by 
pulse-labeling cultures of T cells with tritiated thymidine and measuring the amount of 
tritiated thymidine incorporated into DNA). Contact with a polypeptide (100 ng/ml-100 
|xg/ml, preferably 200 ng/ml-25 (ig/ml) for 3-7 days should result in at least a two fold 
increase in proliferation of the T cells. Contact as described above for 2-3 hours should result 
in the activation of the T cells, as measured using standard cytokine assays in which a two 
fold increase in the level of cytokine release (e.g., TNF or IFN-y) is indicative of T cell 
activation (see, Coligan et al, Current Protocols in Immunology, vol. 1, Wiley Interscience, 
Greene (1998)). T cells that have been activated in response to a polypeptide, polynucleotide 
or polypeptide-expressing APC may be CD4 + and/or CD8 + . Cancer antigen-specific T cells 
may be expanded using standard techniques. Within preferred embodiments, the T cells are 
derived from a patient, or from a related or unrelated donor, and are administered to the 
patient following stimulation and expansion. 

[0169] For therapeutic purposes, CD4 + or CD8 + T cells that proliferate in response to a 
polypeptide, polynucleotide or APC can be expanded in number either in vitro or in vivo. 
Proliferation of such T cells in vitro may be accomplished in a variety of ways. For example, 
the T cells can be re-exposed to a polypeptide with or without the addition of T cell growth 
factors, such as interleukin-2, and/or stimulator cells that synthesize a polypeptide. 
Alternatively, one or more T cells that proliferate in the presence of a polypeptide can be 
expanded in number by cloning. Methods for cloning cells are well known in the art, and 
include limiting dilution. Following expansion, the cells may be administered back to the 
patient as described, for example, by Chang et al (1996) Crit. Rev. Oncol Hematol 22:213. 

IX. Immune Response Encoded by the Heterologous Nucleic Acid 

A. Detection of an Immune Response 
[0170] In one aspect of the invention, proteins, polypeptides, or fusion proteins (or 
polynucleotides that encode proteins, polypeptides, or fusion proteins) are used to generate an 
immune response to the heterologous polypeptide, including that expressed in a malignancy 
in which the heterologous polypeptide is associated. Representative examples of snr.h 



WO 2005/002509 



48 



PCT/US2004/018529 



malignancies include breast, ovarian, colon, lung and prostate cancers. An immune response 
to the protein, once generated by proteins, polypeptides, or fusion proteins, can be long-lived 
and can be detected long after immunization, regardless of whether the protein is present or 
absent in the body at the time of testing. An immune response to the protein generated by 
5 reaction to the proteins, polypeptides, or fusion proteins can be detected by examining for the 
presence or absence, or enhancement, of specific activation of CD4 + or CD8 + T cells or by 
antibodies. For instance, T cells isolated from an immunized individual by routine 
techniques (e.g., by Ficoil/Hypaque density gradient centrifiigation of peripheral blood 
lymphocytes) are incubated with a protein, polypeptide, or fusion protein. For example, T 

10 cells may be incubated in vitro for 2-9 days (typically 4 days) at 37°C with a protein, 

polypeptide, or fusion protein (typically, 5 fxg/ml of whole protein or graded numbers of cells 
synthesizing the protein). It may be desirable to incubate another aliquot of a T cell sample 
in the absence of the protein, polypeptide, or fusion protein to serve as a control. 
[0171] Specific activation of CD4 + or CDS* T cells may be detected in a variety of ways. 

15 Methods for detecting specific T cell activation include, but are not limited to, detecting the 
proliferation of T cells, the production of cytokines (e.g., lymphokines), or the generation of 
cytolytic activity (i.e., generation of cytotoxic T cells specific for a cancer antigen protein, 
polypeptide, or fusion protein). For CD4 + T cells, a preferred method for detecting specific T 
cell activation is the detection of the proliferation of T cells. For CD8 + T cells, a preferred 

20 method for detecting specific T cell activation is the detection of the generation of cytolytic 
activity. 

[0172] Detection of the proliferation of T cells may be accomplished by a variety of known 
techniques. For example, T cell proliferation can be detected by measuring the rate of DNA 
synthesis. T cells which have been stimulated to proliferate exhibit an increased rate of DNA 

25 synthesis. A typical way to measure the rate of DNA synthesis is, for example, by pulse- 
labeling cultures of T cells with tritiated thymidine, a nucleoside precursor which is 
incorporated into newly synthesized DNA. The amount of tritiated thymidine incorporated 
can be determined using a liquid scintillation spectrophotometer. Other ways to detect T cell 
proliferation include measuring increases in interleukin-2 (IL-2) production, Ca 2+ flux, or dye 

30 uptake, such as 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium. Alternatively, 

synthesis of lymphokines (e.g., interferon-gamma) can be measured or the relative number of 
T cells that can respond to intact protein may be quantified. 
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B. Detection of Antibody Production 
[01731 The present invention is also directed to proteins, polypeptides, or fusion proteins that, 
in addition to being immunogenic to T cells, appear to stimulate B-cells to produce antibodies 
capable of recognizing proteins, polypeptides, or fusion proteins. Detection of such 
5 antibodies provides another way to diagnose a malignancy in which a particular cancer 
antigen or oncogene is associated with the malignancy. Antibodies specific (i.e., which 
exhibit a binding affinity of about 10 7 1/mole or better) for proteins, polypeptides, or fusion 
proteins may be found in a variety of body fluids including sera and ascites. Briefly, a body 
fluid sample is isolated from a warm-blooded animal, such as a human, for whom it is desired 

10 to determine whether antibodies specific for the proteins, polypeptides, or fusion proteins are 
present. The body fluid is incubated with proteins, polypeptides, or fusion proteins under 
conditions and for a time sufficient to permit immunocomplexes to form between the 
proteins, polypeptides, or fusion proteins and antibodies specific for the proteins, 
polypeptides, or fusion proteins. For example, a body fluid and proteins, polypeptides, or 

15 fusion proteins may be incubated at 46°C for 24-48 hours. Following the incubation, the 
reaction mixture is tested for the presence of immunocomplexes. Detection of one or more 
immunocomplexes formed between a protein and antibodies specific for the protein may be 
accomplished by a variety of known techniques, such as radioimmunoassays (RIA) and 
enzyme linked immunosorbent assays (ELISA). 

20 [0174] Suitable immunoassays include the double monoclonal antibody sandwich 

immunoassay technique of David et al (U.S. Patent No. 4,376,1 10); monoclonal-polyclonal 
antibody sandwich assays (Wide et al 9 in Kirkham and Hunter, eds., Radioimmunoassay 
Methods, E. and S. Livingstone, Edinburgh (1970)); the "western blot" method of Gordon et 
al (U.S. Patent No. 4,452,901); immunoprecipitation of labeled ligand (Brown et al (1980) 

25 J. Biol Chem. 255:4980-4983); enzyme-linked immunosorbent assays (ELISA) as described, 
for example, by Raines etal (1982) J. Biol Chem. 257:5154-5160; immunocytochemical 
techniques, including the use of fluorochromes (Brooks et al (1980) Clin. Exp. Immunol 
39:477); and neutralization of activity (Bowen-Pope et al (1984) Proc. Natl Acad. Sci. USA 
81 :2396-2400). In addition to the immunoassays described above, a number of other 

30 immunoassays are available, including those described in U.S. Patent Nos. 3,817,827; 
3,850,752; 3,901,654; 3,935,074; 3,984,533; 3,996,345; 4,034,074; and 4,098,876. 
[0175] For detection purposes, proteins, polypeptides, or fusion proteins (i.e., antigens) may 
either be labeled or unlabeled. When unlabeled, proteins, polypeptides, or fusion proteins 
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find use in agglutination assays. In addition, unlabeled proteins, polypeptides, or fusion 
proteins can be used in combination with labeled molecules that are reactive with 
immunocomplexes, or in combination with labeled antibodies (second antibodies) that are 
reactive with the antibody directed against the proteins, polypeptides, or fusion proteins, such 
as antibodies specific for immunoglobulin. Alternatively, the proteins, polypeptides, or 
fusion proteins can be directly labeled. Where it is labeled, the reporter group can include, 
e.g., radioisotopes, fluorophores, enzymes, luminescers, dye particles and the like. These and 
other labels are well known in the art and are described, for example, in U.S. Patent Nos. 
3,766,162; 3,791,932; 3,817,837; 3,996,345; and 4,233,402. 

[01 76] Typically in an ELISA, the proteins, polypeptides, or fusion proteins of interest is 
adsorbed to the surface of a microtiter well. Residual protein-binding sites on the surface are 
then blocked with an appropriate agent, such as bovine serum albumin (BSA), heat- 
inactivated normal goat serum (NGS), or BLOTTO (buffered solution of nonfat dry milk 
which also contains a preservative, salts, and an antifoaming agent). The well is then 
incubated with a sample suspected of containing specific antibody. The sample can be 
applied neat, or, more often, it can be diluted, usually in a buffered solution which contains a 
small amount (0.1%-5.0% by weight) of protein, such as BSA, NGS, or BLOTTO. After 
incubating for a sufficient length of time to allow specific binding to occur, the well is 
washed to remove unbound protein and then incubated with an anti-species specific 
immunoglobulin antibody labeled with a reporter group. The reporter group can be chosen 
from a variety of enzymes, including, e.g., horseradish peroxidase, beta-galactosidase, 
alkaline phosphatase, and glucose oxidase. Sufficient time is allowed for specific binding to 
occur, then the well is again washed to remove unbound conjugate, and the substrate for the 
enzyme is added. Color is allowed to develop and the optical density of the contents of the 
well is determined visually or instrumentally. 

[0177] In one preferred embodiment of this aspect of the present invention, a reporter group 
is bound to the protein, polypeptide, or fusion protein of interest. The step of detecting 
immunocomplexes involves removing substantially any unbound protein, polypeptide, or 
fusion protein and then detecting the presence or absence of the reporter group. 
[0178] In another preferred embodiment, a reporter group is bound to a second antibody 
capable of binding to the antibodies specific for proteins, polypeptides, or fusion proteins. 
The step of detecting immunocomplexes involves (a) removing substantially any unbound 
antibody, (b) adding the second antibody, (c) removing substantially any unbound second 
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antibody and then (d) detecting the presence or absence of the reporter group. Where the 
antibody specific for the proteins, polypeptides, or fusion proteins of interest is derived from 
a human, the second antibody is an anti-human antibody. 

[0179J In a third preferred embodiment for detecting immunocomplexes, a reporter group is 
bound to a molecule capable of binding to the immunocomplexes. The step of detecting 
involves (a) adding the molecule, (b) removing substantially any unbound molecule, and then 
(c) detecting the presence or absence of the reporter group. An example of a molecule 
capable of binding to the immunocomplexes is protein A. 

[01801 K will be evident to one skilled in the art that a variety of methods for detecting the 
immunocomplexes may be used within the present invention. Reporter groups suitable for 
use in any of the methods include, e.g., radioisotopes, fluorophores, enzymes, luminescers, 
and dye particles. 

[01811 In a related aspect of the present invention, detection of inmiunocomplexes formed 
between proteins, polypeptides, or fusion proteins and antibodies in body fluid which are 
specific for proteins, polypeptides, or fusion proteins may be used to monitor the 
effectiveness of cancer therapy, which involves a particular cancer antigen or oncogene, for a 
malignancy in which the cancer antigen or oncogene is associated. Samples of body fluid 
taken from an individual prior to and subsequent to initiation of therapy may be analyzed for 
the immunocomplexes by the methodologies described above. Briefly, the number of 
immunocomplexes detected in both samples are compared. A substantial change in the 
number of immunocomplexes in the second sample (post-therapy initiation) relative to the 
first sample (pre-therapy) reflects successful therapy. 

X. Cancer Therapy 

[01821 One aspect of the present invention involves using the immunogenic compositions 
described herein to elicit a specific immune response from a subject with a oncogene 
associated cancer, such as, for example, breast cancer, lung cancer, or prostate cancer. The 
immunogenic compositions may be used to treat at any stage of the disease, i.e. , at the pre- 
cancer, cancer, or metastatic stages, or to prevent disease. 

[0183] In further aspects of the present invention, the compositions described herein may be 
used for immunotherapy of cancer, such as breast, ovarian, colon, lung and prostate cancer. 
Within such methods, pharmaceutical compositions and vaccines are typically administered 
to a patient. As used herein, a "patient" refers to any warm-blooded animal, preferably a 
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human. A patient may or may not be afflicted with cancer. Accordingly, the above 
pharmaceutical compositions and vaccines may be used to prevent the development of a 
cancer or to treat a patient afflicted with a cancer. A cancer may be diagnosed using criteria 
generally accepted in the art, including the presence of a malignant tumor. Pharmaceutical 
5 compositions and vaccines may be administered either prior to or following surgical removal 
of primary tumors and/or treatment such as administration of radiotherapy or conventional 
chemotherapeutic drugs. Administration may be by any suitable method, including 
administration by intravenous, intraperitoneal, intramuscular, subcutaneous, intranasal, 
intradermal, anal, vaginal, topical, sublingual and oral routes. 
10 [0184] Within certain embodiments, immunotherapy may be active immunotherapy, in which 
treatment relies on the in vivo stimulation of the endogenous host immune system to react 
against tumors with the administration of immune response-modifying agents (such as fusion 
polypeptides and polynucleotides as provided herein). 

[0185] Within other embodiments, immunotherapy may be passive immunotherapy, in which 
15 treatment involves the delivery of agents with established tumor-immune reactivity (such as 
effector cells or antibodies) that can directly or indirectly mediate antitumor effects and does 
not necessarily depend on an intact host immune system. Examples of effector cells include 
T cells as discussed supra, T lymphocytes (such as CD8 + cytotoxic T lymphocytes and CD4 + 
T-helper tumor-infiltrating lymphocytes), killer cells (such as Natural Killer cells and 
20 lymphokine-activated killer cells), B cells and antigen-presenting cells (such as dendritic cells 
and macrophages) expressing a proteins, polypeptides, or fusion proteins provided herein. T 
cell receptors and antibody receptors specific for the fusion polypeptides recited herein may 
be cloned, expressed and transferred into other vectors or effector cells for adoptive 
immunotherapy. The fusion polypeptides provided herein may also be used to generate 
25 antibodies or anti-idiotypic antibodies (as described above and in U.S. Patent No. 4,918,164) 
for passive immunotherapy. 

[0186] Effector cells may generally be obtained in sufficient quantities for adoptive 
immunotherapy by growth in vitro, as described herein. Culture conditions for expanding 
single antigen-specific effector cells to several billion in number with retention of antigen 
30 recognition in vivo are well known in the art. Such in vitro culture conditions typically use 
intermittent stimulation with antigen, often in the presence of cytokines (such as IL-2) and 
non-dividing feeder cells. As noted above, immunoreactive fusion polypeptides as provided 
herein may be used to rapidly expand antigen-specific T cell cultures in order to generate a 



WO 2005/002509 PCT/US2004/018529 

53 

sufficient number of cells for immunotherapy. In particular, antigen-presenting cells, such as 
dendritic, macrophage or B cells, maybe pulsed with immunoreactive fusion polypeptides or 
transfected with one or more polynucleotides using standard techniques well known in the 
art. For example, antigen-presenting cells can be transfected with a polynucleotide having a 
promoter appropriate for increasing expression in a recombinant virus or other expression 
system. Cultured effector cells for use in therapy must be able to grow and distribute widely, 
and to survive long term in vivo. Studies have shown that cultured effector cells can be 
induced to grow in vivo and to survive long term in substantial numbers by repeated 
stimulation with antigen supplemented with IL-2 (see, for example, Cheever et al. (1997) 
Immunological Reviews 157:177). 

[0187] Alternatively, a vector expressing a fusion polypeptide recited herein may be 
introduced into antigen presenting cells taken from a patient and clonally propagated ex vivo 
for transplant back into the same patient. Transfected cells may be reintroduced into the 
patient using any means known in the art, preferably in sterile form by intravenous, 
intracavitary, intraperitoneal or intratumor administration. 

[0188] Routes and frequency of administration of the therapeutic compositions described 
herein, as well as dosage, will vary from individual to individual, and may be readily 
established using standard techniques. 

[0189] In general, the pharmaceutical compositions and vaccines may be administered by 
injection (e.g., intracutaneous, intramuscular, intravenous or subcutaneous), intranasally (e.g., 
by aspiration) or orally. Preferably, between 1 and 10 doses may be administered over a 52 
week period. Preferably, 6 doses are administered, at intervals of 1 month, and booster 
vaccinations may be given periodically thereafter. Alternate protocols may be appropriate for 
individual patients. A suitable dose is an amount of a compound that, when administered as 
described above, is capable of promoting an anti-tumor immune response, and is at least 10- 
50% above the basal (i.e., untreated) level. Such response can be monitored by measuring 
the anti-tumor antibodies in a patient or by vaccine-dependent generation of cytolytic effector 
cells capable of killing the patient's tumor cells in vitro. Such vaccines should also be 
capable of causing an immune response that leads to an improved clinical outcome (e.g., 
more frequent remissions, complete or partial or longer disease-free survival) in vaccinated 
patients as compared to non-vaccinated patients. In general, for pharmaceutical compositions 
and vaccines comprising one or more fusion polypeptides, the amount of each proteins, 
polypeptides, or fusion proteins present in a dose ranges from about 1 pg to 5 mg, preferably 
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100 ^ig to 5 mg, and most preferably 5 jxg to 250 |ag per kg of host. Suitable dose sizes will 
vary with the size of the patient, but will typically range from about 0.1 ml to about 5 ml. 
[0190] Preferably the dose is 8 mg or less of the expression vectors described herein per 
subject. Doses are administered four times at two week intervals and twice more at four 
5 week intervals. The latter two administrations are intended to be booster shots. 
[0191] In general, an appropriate dosage and treatment regimen provides the active 
compound(s) in an amount sufficient to provide therapeutic and/or prophylactic benefit. 
Such a response can be monitored by establishing an improved clinical outcome {e.g., more 
frequent remissions, complete or partial, or longer disease-free survival) in treated patients as 
10 compared to non- treated patients. Increases in preexisting immune responses to a cancer 
antigen or oncogene generally correlate with an improved clinical outcome. Such immune 
responses may generally be evaluated using standard proliferation, cytotoxicity or cytokine 
assays, which may be performed using samples obtained from a patient before and after 
treatment. 

15 XI. Detecting Cancer 

A. Methods of Detecting Cancer 
[0192] In general, a cancer may be detected in a patient based on the presence of cancer 
antigens or oncogene proteins and/or polynucleotides encoding such proteins in a biological 
sample (such as blood, sera, plasma, urine and/or tumor biopsies) obtained from the patient. 

20 In other words, such proteins may be used as markers to indicate the presence or absence of a 
cancer such as, e.g., breast, ovarian, colon, lung, prostate cancer, etc. The binding agents 
provided herein generally permit detection of the level of the cancer antigen or oncogene that 
binds to the agent in the biological sample. Polynucleotide primers and probes may be used 
to detect the level of mRNA encoding a cancer antigen or oncogene, which is also indicative 

25 of the presence or absence of a cancer. In general, a cancer antigen or oncogene sequence 
should be present at a level that is at least three fold higher in tumor tissue than in normal 
tissue. 

[0193J There are a variety of assay fomiats known to those of ordinary skill in the art for 
using a binding agent to detect polypeptide markers in a sample {see, e.g., Harlow and Lane, 
30 supra). In general, the presence or absence of a cancer in a patient may be determined by (a) 
contacting a biological sample obtained from a patient with a binding agent; (b) detecting in 
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the sample a level of polypeptide that binds to the binding agent; and (c) comparing the level 
of polypeptide with a predetermined cut-off value. 

[0194] In a preferred embodiment, the assay involves the use of a binding agent immobilized 
on a solid support to bind to and remove the polypeptide from the remainder of the sample. 
The bound polypeptide may then be detected using a detection reagent that contains a 
reporter group and specifically binds to the binding agent/polypeptide complex. Such 
detection reagents may comprise, for example, a binding agent that specifically binds to the 
polypeptide or an antibody or other agent that specifically binds to the binding agent, such as 
an anti-immunoglobulin, protein G, protein A or a lectin. Alternatively, a competitive assay 
may be utilized, in which a polypeptide is labeled with a reporter group and allowed to bind 
to the immobilized binding agent after incubation of the binding agent with the sample. The 
extent to which components of the sample inhibit the binding of the labeled polypeptide to 
the binding agent is indicative of the reactivity of the sample with the immobilized binding 
agent. Suitable polypeptides for use within such assays include full length cancer antigens or 
oncogenes and portions thereof to which the binding agent binds, and proteins, polypeptides, 
or fusion proteins and portions thereof to which the binding agent binds, as described above. 
[0195] The solid support may be any material known to those of ordinary skill in the art to 
which the tumor protein may be attached. For example, the solid support may be a test well 
in a microtiter plate or a nitrocellulose or other suitable membrane. Alternatively, the support 
may be a bead or disc, such as glass, fiberglass, latex or a plastic material such as polystyrene 
or polyvinylchloride. The support may also be a magnetic particle or a fiber optic sensor, 
such as those disclosed, for example, in U.S. Patent No. 5,359,681 . The binding agent may 
be immobilized on the solid support using a variety of techniques known to those of skill in 
the art, which are amply described in the patent and scientific literature. In the context of the 
present invention, the term "immobilization" refers to both noncovalent association, such as 
adsorption, and covalent attachment (which may be a direct linkage between the agent and 
functional groups on the support or may be a linkage by way of a cross-linking agent). 
Immobilization by adsorption to a well in a microtiter plate or to a membrane is preferred. In 
such cases, adsorption may be achieved by contacting the binding agent, in a suitable buffer, 
with the solid support for a suitable amount of time. The contact time varies with 
temperature, but is typically between about 1 hour and about 1 day. In general, contacting a 
well of a plastic microtiter plate (such as polystyrene or polyvinylchloride) with an amount of 
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binding agent ranging from about 10 ng to about 10 fig, and preferably about 100 ng to about 
1 ng, is sufficient to immobilize an adequate amount of binding agent. 
[0196] Covalent attachment of a binding agent to a solid support may generally be achieved 
by first reacting the support with a bifunctional reagent that will react with both the support 
and a functional group, such as a hydroxyl or amino group, on the binding agent. For 
example, the binding agent may be covalently attached to supports having an appropriate 
polymer coating using benzoquinone or by condensation of an aldehyde group on the support 
with an amine and an active hydrogen on the binding partner (see, e.g., Pierce 
Immunotechnology Catalog and Handbook, 1991, at A12-A13). 

[0197] In certain embodiments, the assay is a two-antibody sandwich assay. This assay may 
be performed by first contacting an antibody that has been immobilized on a solid support, 
commonly the well of a microtiter plate, with the sample, such that polypeptides within the 
sample are allowed to bind to the immobilized antibody. Unbound sample is then removed 
from the immobilized polypeptide-antibody complexes and a detection reagent (preferably a 
second antibody capable of binding to a different site on the polypeptide) containing a 
reporter group is added. The amount of detection reagent that remains bound to the solid 
support is then detennined using a method appropriate for the specific reporter group. 
[0198] More specifically, once the" antibody is immobilized on the support as described 
above, the remaining protein binding sites on the support are typically blocked. Any suitable 
blocking agent known to those of ordinary skill in the art, such as bovine serum albumin or 
Tween 20™ (Sigma Chemical Co., St. Louis, MO). The immobilized antibody is then 
incubated with the sample, and polypeptide is allowed to bind to the antibody. The sample 
may be diluted with a suitable diluent, such as phosphate-buffered saline (PBS) prior to 
incubation. In general, an appropriate contact time (i.e., incubation time) is a period of time 
that is sufficient to detect the presence of polypeptide within a sample obtained from an 
individual with breast, ovarian, colon, lung or prostate cancer. Preferably, the contact time is 
sufficient to achieve a level of binding that is at least about 95% of that achieved at 
equilibrium between bound and unbound polypeptide. Those of ordinary skill in the art will 
recognize that the time necessary to achieve equilibrium may be readily determined by 
assaying the level of binding that occurs over a period of time. At room temperature, an 
incubation time of about 30 minutes is generally sufficient. 

[0199] Unbound sample may then be removed by washing the solid support with an 
appropriate buffer, such as PBS containing 0.1% Tween 20™. The second antibody, which 
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contains a reporter group, may then be added to the solid support. Preferred reporter groups 
include those groups recited above. 

[0200] The detection reagent is then incubated with the immobilized antibody-polypeptide 
complex for an amount of time sufficient to detect the bound polypeptide. An appropriate 
amount of time may generally be determined by assaying the level of binding that occurs 
over a period of time. Unbound detection reagent is then removed and bound detection 
reagent is detected using the reporter group. The method employed for detecting the reporter 
group depends upon the nature of the reporter group. For radioactive groups, scintillation 
counting or autoradiographic methods are generally appropriate. Spectroscopic methods may 
be used to detect dyes, luminescent groups and fluorescent groups. Biotin may be detected 
using avidin, coupled to a different reporter group (commonly a radioactive or fluorescent 
group or an enzyme). Enzyme reporter groups may generally be detected by the addition of 
substrate (generally for a specific period of time), followed by spectroscopic or other analysis 
of the reaction products. 

[0201] To determine the presence or absence of a cancer, such as breast, ovarian, colon, lung 
or prostate cancer, the signal detected from the reporter group that remains bound to the solid 
support is generally compared to a signal that corresponds to a predetermined cut-off value. 
In one preferred embodiment, the cut-off value for the detection of a cancer is the average 
mean signal obtained when the immobilized antibody is incubated with samples from patients 
without the cancer. In general, a sample generating a signal that is three standard deviations 
above the predetermined cut-off value is considered positive for the cancer. In an alternate 
preferred embodiment, the cut-off value is determined using a Receiver Operator Curve, 
according to the method of Sackett et al. 9 Clinical Epidemiology: A Basic Science for Clinical 
Medicine, Little Brown and Co., 1985, p. 106-107. Briefly, in this embodiment, the cut-off 
value maybe determined from aplcrt of pairs of true positive rates (i.e., sensitivity) and false 
positive rates (100%-specificity) that correspond to each possible cut-off value for the 
diagnostic test result. The cut-off value on the plot that is the closest to the upper left-hand 
comer (i.e., the value that encloses the largest area) is the most accurate cut-off value, and a 
sample generating a signal that is higher than the cut-off value determined by this method 
may be considered positive. Alternatively, the cut-off value may be shifted to the left along 
the plot, to minimize the false positive rate, or to the right, to minimize the false negative 
rate. In general, a sample generating a signal that is higher than the cut-off value determined 
by this method is considered positive for a cancer. 
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[0202] In a related embodiment, the assay is performed in a flow-through or strip test format, 
wherein the binding agent is immobilized on a membrane, such as nitrocellulose. In the 
flow-through test, polypeptides within the sample bind to the immobilized binding agent as 
the sample passes through the membrane. A second, labeled binding agent then binds to the 
binding agent-polypeptide complex as a solution containing the second binding agent flows 
through the membrane. The detection of bound second binding agent may then be performed 
as described above. In the strip test format, one end of the membrane to which binding agent 
is bound is immersed in a solution containing the sample. The sample migrates along the 
membrane through a region containing second binding agent and to the area of immobilized 
binding agent. Concentration of second binding agent at the area of immobilized antibody 
indicates the presence of a cancer. Typically, the concentration of second binding agent at 
that site generates a pattern, such as a line, that can be read visually. The absence of such a 
pattern indicates a negative result. In general, the amount of binding agent immobilized on 
the membrane is selected to generate a visually discernible pattern when the biological 
sample contains a level of polypeptide that would be sufficient to generate a positive signal in 
the two-antibody sandwich assay, in the format discussed above. Preferred binding agents 
for use in such assays are antibodies and antigen-binding fragments thereof. Preferably, the 
amount of antibody immobilized on the membrane ranges from about 25 ng to about 1 jug, 
and more preferably from about 50 ng to about 500 ng. Such tests can typically be performed 
with a very small amount of biological sample. 

[0203] Of course, numerous other assay protocols exist that are suitable for use with the 
tumor proteins, or binding agents of the present invention. The above descriptions are 
intended to be exemplary only. For example, it will be apparent to those of ordinary skill in 
the art that the above protocols may be readily modified to use cancer antigen or oncogene 
polypeptides to detect antibodies that bind to such polypeptides in a biological sample. The 
detection of such protein specific antibodies may correlate with the presence of a cancer. 
[0204] A cancer may also, or alternatively, be detected based on the presence of T cells that 
specifically react with a protein or polypeptide in a biological sample. Within certain 
methods, a biological sample comprising CD4 + and/or CD8 + T cells isolated from a patient is 
incubated with a polypeptide, a polynucleotide encoding such a polypeptide and/or an APC 
that expresses such a polypeptide, and the presence or absence of specific activation of the T 
cells is detected. Suitable biological samples include, but are not limited to, isolated T cells. 
For example, T cells may be isolated from a patient by routine techniques (such as by 
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Ficoll/Hypaque density gradient centrifugation of peripheral blood lymphocytes). T cells 
may be incubated in vitro for 2-9 days (typically 4 days) at 37°C with a polypeptide {e.g., 5- 
25 |ug/ml). It may be desirable to incubate another aliquot of a T cell sample in the absence 
of polypeptide to serve as a control. For CD4 + T cells, activation is preferably detected by 
evaluating proliferation of the T cells. For CD8 + T cells, activation is preferably detected by 
evaluating cytolytic activity. A level of proliferation that is at least two fold greater and/or a 
level of cytolytic activity that is at least 20% greater than in disease-free patients indicates the 
presence of a cancer in the patient. 

[0205] As noted above, a cancer may also, or alternatively, be detected based on the level of 
mRNA encoding a cancer antigen or oncogene in a biological sample. For example, at least 
two oligonucleotide primers may be employed in a polymerase chain reaction (PCR) based 
assay to amplify a portion of a cancer antigen or oncogene cDNA derived from a biological 
sample, wherein at least one of the oligonucleotide primers is specific for {i.e., hybridizes to) 
a polynucleotide encoding the cancer antigen or oncogene protein. The amplified cDNA is 
then separated and detected using techniques well known in the art, such as gel 
electrophoresis. Similarly, oligonucleotide probes that specifically hybridize to a 
polynucleotide encoding a cancer antigen or oncogene protein may be used in a hybridization 
assay to detect the presence of a polynucleotide encoding the cancer antigen or oncogene 
protein in a biological sample. 

[0206J To permit hybridization under assay conditions, oligonucleotide primers and probes 
should comprise an oligonucleotide sequence that has at least about 60%, preferably at least 
about 75% and more preferably at least about 90%, identity to a portion of a polynucleotide 
encoding a cancer antigen or oncogene, that is at least 10 nucleotides, and preferably at least 
20 nucleotides, in length. Preferably, oligonucleotide primers and/or probes hybridize to a 
polynucleotide encoding a cancer antigen or oncogene protein, polypeptide, or fusion protein 
described herein under moderately stringent conditions, as defined above. Oligonucleotide 
primers and/or probes which may be usefully employed in the diagnostic methods described 
herein preferably are at least 10-40 nucleotides in length. In a preferred embodiment, the 
oligonucleotide primers comprise at least 10 contiguous nucleotides, more preferably at least 
15 contiguous nucleotides. Techniques for both PCR based assays and hybridization assays 
are well known in the art {see, for example, Mullis et al. (1987) Cold Spring Harbor Symp. 
Quant. Biol. 51:263; Erlich ed., PCR Technology, Stockton Press, NY (1989)). 
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[0207] One preferred assay employs RT-PCR, in which PCR is applied in conjunction with 
reverse transcription. Typically, RNA is extracted from a biological sample such as a biopsy 
tissue and is reverse transcribed to produce cDNA molecules. PCR amplification using at 
least one specific primer generates a cDNA molecule, which may be separated and visualized 
5 using, for example, gel electrophoresis. Amplification may be performed on biological 
samples taken from a test patient and from an individual who is not afflicted with a cancer. 
The amplification reaction may be performed on several dilutions of cDNA spanning two 
orders of magnitude. A two-fold or greater increase in expression in several dilutions of the 
test patient sample as compared to the same dilutions of the non-cancerous sample is 

1 0 typically considered positive. 

[0208] In another embodiment, cancer antigen or oncogene proteins or polypeptides and 
polynucleotides encoding such proteins or polypeptides may be used as markers for 
monitoring the progression of cancer. In this embodiment, assays as described above for the 
diagnosis of a cancer may be performed over time, and the change in the level of reactive 

15 polypeptide(s) evaluated. For example, the assays may be performed every 24-72 hours for a 
period of 6 months to 1 year, and thereafter performed as needed. In general, a cancer is 
progressing in those patients in whom the level of polypeptide detected by the binding agent 
increases over time. In contrast, the cancer is not progressing when the level of reactive 
polypeptide either remains constant or decreases with time. 

20 [0209] Certain in vivo diagnostic assays may be performed directly on a tumor. One such 
assay involves contacting tumor cells with a binding agent. The bound binding agent may 
then be detected directly or indirectly via a reporter group. Such binding agents may also be 
used in histological applications. Alternatively, polynucleotide probes may be used within 
such applications. 

25 [0210] As noted above, to improve sensitivity, multiple cancer antigen or oncogene markers 
may be assayed within a given sample. It will be apparent that binding agents specific for 
different proteins provided herein may be combined within a single assay. Further, multiple 
primers or probes may be used concurrently. The selection of tumor protein markers may be 
based on routine experiments to determine which combinations result in optimal sensitivity. 

30 In addition, or alternatively, assays for tumor proteins provided herein may be combined with 
assays for other known tumor antigens. 



WO 2005/002509 



61 



PCT/US2004/0 18529 



XIL Kits 

[0211] The present invention further provides kits for use within any of the above 
diagnostic methods. Such kits typically comprise two or more components necessary for 
performing a diagnostic assay. Components may be compounds, reagents, containers and/or 
5 equipment. For example, one container within a kit may contain a monoclonal antibody or 
fragment thereof that specifically binds to a cancer antigen or oncogene. Such antibodies or 
fragments may be provided attached to a support material, as described above. One or more 
additional containers may enclose elements, such as reagents or buffers, to be used in the 
assay. Such kits may also, or alternatively, contain a detection reagent as described above 

10 that contains a reporter group suitable for direct or indirect detection of antibody binding. 

[0212] Kits can also be supplied for therapeutic uses. Thus, the subject composition of the 
present invention may be provided, usually in a lyophilized form, in a container. The vectors 
described herein are included in the kits with instructions for use, and optionally with buffers, 
stabilizers, biocides, and inert proteins. Generally, these optional materials will be present at 

15 less than about 5% by weight, based on the amount of vector, and will usually be present in a 
total amount of at least about 0.001% by weight, based on the vector concentration. It may 
be desirable to include an inert extender or excipient to dilute the active ingredients, where 
the excipient may be present in from about 1 to 99% weight of the total composition. 
[0213] Alternatively, a kit may be designed to detect the level of mRNA encoding a cancer 

20 antigen or oncogene in a biological sample. Such kits generally comprise at least one 
oligonucleotide probe or primer, as described above, that hybridizes to a polynucleotide 
encoding a cancer antigen or oncogene. Such an oligonucleotide may be used, for example, 
within a PCR or hybridization assay. Additional components that may be present within such 
kits include a second oligonucleotide and/or a diagnostic reagent or container to facilitate the 

25 detection of a polynucleotide encoding a cancer antigen or oncogene. 
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EXAMPLES 

Example 1: Construction ofpCRXA-20 

[0214] The plasmid pCRXA20 was constructed using (1) a plasmid origin of replication 
derived from pUC9; (2) a kanamycin resistance gene and bacterial promoter cloned from 
5 pRSVneo; (3) a SV40 polyadenylation sequence cloned from pRSVneo, (4) a CMV promoter 
and (5) a 5 prime untranslated sequence of the MIE region containing a portion of Intron A, 
Exon A and part of Exon B cloned from human Cytomegalovirus. 

[0215] pCRXA20 is 3584 bases and comprises 5 regions. The first region (bases 1-1368) 
was cloned from viral DNA of the human CMV virus, Towne strain(ATCC Number: VR- 

10 977). This first region contains the viral promoter, enhancer, and intron A, corresponding to 
bases 512-1513 and 1736-2094 of the major-immediate early gene of CMV (Genbank 
Accession No. M60321) and drives the mRNA transcription of a cloned gene. The second 
region (bases 1369-1416) contains recognition sites for 6 restriction enzymes and was derived 
from annealed oligonucleotides. This region allows for cloning of a gene into the vector. The 

1 5 third region (bases 1 4 1 7- 1 65 1) was cloned from bases 3407-3634 of the plasmid pRS Vneo 
(ATCC# 37198). This third region contains the early and late polyadenylation signals of the 
SV40 virus and provides the necessary polyA sites for the mRNA transcript of a cloned gene. 
The fourth region (bases 1652-2581) contain a bacterial promoter and the gene for 
Kanamycin resistance. The promoter was cloned from bases 2463-2600 of the plasmid 

20 pUC(ATCC# 37252), and bases 4589-5383 of the gene from pRSVneo. This fourth region 
allows for the selective growth of bacteria containing the vector. The fifth region (bases 
2582-3584) contain an origin of replication, cloned from to bases 605-1600 of pUC and 
allows for the propagation of the vector in bacteria. Figure 1. 

25 Example 2: Induction of Immune Response Using pCRXA-20 

[0216] A replication defective El and E3 deleted human adenovirus serotype 5 vector 
expressing human L523S under the control of the CMV promoter was generated using 
standard molecular biology techniques (AdEasy System, Johns Hopkins University, 
Baltimore, MD). The DNA sequence of the L523S- Adenovirus- vector is set forth in SEQ ID 
30 NO:5. The cDNA sequence encoding the full-length L523S protein is set forth in SEQ ID 
NO:6 with the corresponding amino acid sequence set forth in SEQ ID NO:7. 
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[0217] The gene encoding the full length L523S protein (SEQ ID NO: 6) was inserted into 
pVAXl (Invitrogen, Carlsbad, CA) and pCRXA-20 using standard techniques creating L523- 
DNA expression vectors. 

[0218] Three groups of C57bl/6 mice (4 mice/group) were immunized once with 100 jug 
L523-DNA expression vector (either pVax, or pCRXA) or received no DNA at all. Three 
weeks later all mice were immunized with 10 8 pfu L523-Adenovirus. Spleen cells were 
harvested two weeks after the adenovirus immunization. T cell responses to L523S were 
assessed using Interferon gamma (IFN7) in either IFNy Intracellular Cytokine (ICC) staining 
or IFNy ELISPOT, or by Chromium release assay. 

[0219] Immune and nai've spleen cells were assayed for IFNy secretion by ELISPOT 
following in vitro stimulation with L523 peptide pi 3-21 (SEQ ID NO: 8). Immune spleen 
cells (4 x 10 5 ) were cultured with pi 3-21 (5 ug/ml) for two days, in duplicate wells of anti- 
IFNy-coated ELISPOT plates. After two days no IFNy ELISPOT were detected from naive 
spleen cells. Cells from mice that had been immunized with adenovirus alone (no DNA 
immunization) had approximately 50 spots per well while cells from mice immunized with 
the pVAX/L523S plasmid showed 100 wells per well, while cells from mice immunized with 
the pCRXA-20 plasmid produced greater than 1000 spots per well. The results indicate that 
the immune response elicited with pCRXA is much stronger than that elicited with pVax. 

[0220] The L523-specific immune response was also measured using IFNy ICC. Fresh 
spleen cells were stimulated with the L523S pl3-21 (SEQ ID NO: 8) for 6 hours and 
subsequently stained for expression of CD4, CD8 and IFNy. The results of the ICC assay 
were consistent with those obtained in the ELISPOT assay. The group immunized with 
pCRXA/L523S averaged 1.3% L523S antigen specific T cells while the pVAX/L523S 
priming did not demonstrate CD8 T cell responses above the adenovirus component of the 
vaccine administered alone. This demonstrated the requirement for DNA immunization to 
elicit optimal CD8 T cell responses and confirmed that pCRXA elicits a strong immune 
response. 

Example 3: Lvtic activity of CTL Lines Using pCRXA-20 



[0221] Immune spleen cells from the immunized C57bl/6 mice were cultured for 6 days 
with irradiated EL4 cells pulsed with L523S pl3-21 (SEQ ID NO: 8). On day 6, T cell lines 
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were assayed for lytic activity in a standard 4-hour chromium release assay against F45 target 
cells which were either untreated, or pulsed with L523S pl3-21 (SEQ LD NO: 8). The results 
are consistent with those obtained in the IFNy ELISPOT and ICC assays, although the 
differences in functional activity of the CD8 + T cells were less apparent following a 6 day in 
5 vitro stimulation. The results show weaker CTL activity in mice immunized with pVax than 
in mice similarly immunized with pCRXA. Immunization with adenovirus alone also elicits 
CTL activity, although as observed in the other assays, DNA immunization does appear to 
enhance this activity. 

[0222] All publications and patent applications cited in this specification are herein 
10 incorporated by reference as if each individual publication or patent application were 
specifically and individually indicated to be incorporated by reference. 
[0223] Although the foregoing invention has been described in some detail by way of 
illustration and example for purposes of clarity of understanding, it will be readily apparent to 
one of ordinary skill in the art in light of the teachings of this invention that certain changes 
15 and modifications may be made thereto without departing from the spirit or scope of the 
appended claims. 



